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ABSTRACT 
Recent  work has  shown t h a t  under many expe r imen ta l  
c o n d i t i o n s ,  t h e  decay o f  an  ensemble of e x c i t e d  atoms is  
c h a r a c t e r i z e d  by s e v e r a l  r e l a x a t i o n  t i m e s .  P h y s i c a l l y ,  
t h e s e  are t h e  l i f e t i m e  of t h e  p o p u l a t i o n  of e x c i t e d  atoms, 
t h e  l i f e t i m e  of t h e  average  magnet ic  d i p o l e  moment ( o r  
o r i e n t a t i o n ) ,  t h e  l i f e t i m e  of t h e  average  e lectr ic  quad- 
r u p o l e  moment ( o r  a l i g n m e n t ) ,  and t h e  l i f e t i m e s  of  h ighe r  
a tomic  m u l t i p o l e  moments, Each m u l t i p o l e  moment of  t h e  
e x c i t e d  atoms decays w i t h  a character is t ic  l i f e t i m e  be- 
cause  of t h e  i s o t r o p y  of t h e  sur rounding  medium, I n  t h e  
l i m i t  of  l o w  vapor pressure,  a l l  of t h e s e  l i f e t i m e s  re- 
duce t o  t h e  n a t u r a l  r a d i a t i v e  l i f e t i m e  of t h e  atom. I n  
l e v e l - c r o s s i n g  experiments  one can  measure t h e  l i f e t i m e  
of o r i e n t a t i o n  and al ignment  s e p a r a t e l y .  T h i s  i s  i n  con- 
t r a s t  t o  c lass ical  nuc lea r  magnetic resonance  exper iments ,  
w h e r e  on ly  one parameter can be measured. The added f l e x -  
i b i l i t y  i n  l e v e l - c r o s s i n g  experiments  a r i ses  f r o m  t h e  pos- 
s i b i l i t y  of measuring t h e  p o l a r i z a t i o n  of t h e  f l u o r e s c e n t  
l i g h t .  The e x i s t e n c e  of two l i f e t i m e s  has  been observed 
i n  Han le -e f f ec t  s i g n a l s  from t h e  f i r s t  3P10 s ta te  i n  l e a d  
when t h e  s i g n a l  w a s  s u b j e c t  t o  r e s o n a n t  s e l f -b roaden ing ,  
and also i n  t h e  p re sence  of f o r e i g n  gas broadening and co- 
herence  narrowing. 
R a d i a t i o n  due t o  the  impact of v e r y  s l o w  helium 
i o n s  on t h e  rare gases has  been observed. The dependence 
of t h e  cross s e c t i o n  on t h e  k i n e t i c  energy  of  t h e  He+ 
b e a m  shows unexpected and important  f e a t u r e s  down t o  t h e  
? - - - - -  - - A z r r 7 r \ c .  cc, ,a ;pa U J W C ~ ~  eliGLyiGa ucuu---.r (5 eV). The a b s o l u t e  cross sec- 
t i o n s  are  t y p i c a l l y  of t h e  order  of  cm2 and i n  s o m e  
c a s e s  are  almost an  o r d e r  of magnitude l a r g e r ,  I n  a t  
l eas t  one case, t h e  r a d i a t i o n  has  been shown t o  r e s u l t  
from cha rge  exchange w i t h  s imultaneous e x c i t a t i o n .  
Sys t ema t i c  obse rva t ions  have been made on t h e  spec- 
t r a  of 6 3 2 8 i  l i g h t  s c a t t e r e d  from carbon d i o x i d e  near  t h e  
c r i t i c a l  t empera tu re  Tc and t h e  c r i t i c a l  d e n s i t y  p c ,  
T h e s e  s t u d i e s  w e r e  made as  a f u n c t i o n  o f  bo th  s c a t t e r i n g  
angle  0 and t empera tu re  T us ing  a n f / 7  c o l l e c t i n g  l e n s .  A 
new opt ica l  system has b e e n  developed which u s e s  a l e n s -  
less geometry and i s  capable  of  d e f i n i n g  s c a t t e r i n g  an- 
g l e s  t o  an  accuracy  be t te r  than  f 10' of arc  w i t h o u t  any 
ave rag ing  effects of  a c o l l e c t i n g  l e n s .  
1 
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i 
I, ATOMIC PHYSICS 
A. PROPERTIES OF THE METASTABLE STATE OF SINGLY IONIZED HELIUM 
1. D i r e c t  Detec t ion  of t h e  Two-Photon Decay Mode* 
(M. L i p e l e s ,  R.  Novick, N. Tolk)  
W e  have collected a l l  of t h e  d a t a  r e l a t i n g  t o  t h e  t w o -  
photon decay experiment  and have prepared  f o r  p u b l i c a t i o n  a 
paper  on t h i s  subject.  F igu res  1, 2 ,  and 3 p r e s e n t  t h i s  da t a .  
F igu re  1 shows a d e f i n i t e  t h re sho ld  a t  e l e c t r o n  bombarding v o l t -  
age of 65 V f o r  bo th  s i n g l e  events  and co inc idence  counts .  Fig-  
u r e  2 shows t h e  expec ted  dependence on microwave power w i t h  a 
background a t  f u l l  power f o r  t h e  s i n g l e  e v e n t s  only.  These t w o  
o b s e r v a t i o n s  a long  w i t h  t h e  agreement of t h e  exper imenta l  r e s u l t s  
w i th  t h e  c a l c u l a t e d  angular  d i s t r i b u t i o n ,  shown i n  Fig.  3 ,  sup- 
p o r t  t h e  conclus ion  t h a t  w e  have observed t h e  two-photon decay 
of s i n g l y  i o n i z e d  helium. 
Cons t ruc t ion  of a l a r g e  l iqu id-he l ium t r a p  has  been com- 
p l e t e d .  However, i n s t a l l a t i o n  of t h i s  t r a p  has  been postponed 
a w a i t i n g  t h e  a r r i v a l  of new " s o f t "  uv photo tubes  which w i l l  sub- 
t e n d  l a r g e r  so l id  aiigles. T h e  excitation of t h e  background g a s  
by  ve ry  low-energy helium i o n s  has been expanded i n t o  a s e p a r a t e  
exper imenta l  endeavor.  Fu tu re  work on t h i s  p r o j e c t  w i l l  be con- 
c e n t r a t e d  on measurements of the  spectrum of t h e  two-photon 
decay. 
n a u t i c s  and Space Adminis t ra t ion  under Grant  NsG-360. 
*This r e s e a r c h  was a l s o  suppor ted  by t h e  Na t iona l  A e r o -  
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2.  Direct L i f e t ime  Measurements* 
(S. F i s h e r ,  M. L i p e l e s ,  R. Novick, N. Tolk)  
The drift t u b e  vacuum chamber has  been s u c c e s s f u l l y  
evacuated  and l e a k  t e s t e d .  During t h e  n e x t  q u a r t e r  t h e  d i f f e r -  
e n t i a l l y  pumped s l i d i n g  seal w i l l  be assembled and tested. 
n a u t i c s  and Space Admin i s t r a t ion  under Grant  NsG-360. 
*This r e s e a r c h  w a s  a l s o  supported by t h e  N a t i o n a l  A e r o -  
B. OPTICAL EXCITATION WITH LOW-ENERGY IONS* 
(S. Dworetsky, M. L i p e l e s ,  R.  Novick, N. Tolk) 
A s  a r e s u l t  of s tudy ing  t h e  background r a d i a t i o n  i n  t h e  
two-photon decay experiment  (see Sec. A . l ) ,  it w a s  observed t h a t  
r a d i a t i o n  arose f r o m  t h e  impact of 10-eV H e +  i o n s  on N 
c u l e s .  
w e r e  chosen a s  targets. W e  have observed r a d i a t i o n  due t o  t h e  
impact of v e r y  s l o w  helium i o n s  on Ar, K r ,  X e ,  and N e .  The de- 
pendence of t h e  cross s e c t i o n  on t h e  k i n e t i c  energy  of t h e  H e +  
beam shows unexpected and impor tan t  f e a t u r e s  down t o  t h e  l o w e s t  
e n e r g i e s  s t u d i e d  (5 e V ) .  The  a b s o l u t e  cross s e c t i o n s  are t y p i -  
c a l l y  of t h e  o r d e r  of c m 2  and i n  some cases are  almost a n  
order of magnitude. larger. I n  a t  least cr~e case t h e  radiation 
has  been shown t o  r e s u l t  from charge exchange w i t h  s imul taneous  
e x c i t a t i o n .  P rev ious  s t u d i e s  of opt ical  e x c i t a t i o n  by i o n  i m -  
pact have been performed a t  much h ighe r  e n e r g i e s  and have n o t  
r e v e a l e d  t h e  s t r u c t u r e  a t  t h e  l o w e r  e n e r g i e s .  Simple arguments 
show t h a t  t h e  r a d i a t i o n  does not r e s u l t  from d i r e c t  Coulomb 
e x c i t a t i o n ,  b u t  must i nvo lve  pseudo l e v e l  c r o s s i n g s  i n  t h e  ion-  
atom molecular  c o l l i s i o n  complex. A s i d e  f r o m  t h e i r  i n t r i n s i c  
i n t e r e s t ,  these r e s u l t s  have important  b e a r i n g  on plasma and 
a tmospher ic  phenomena. 
m o l e -  
I n  order t o  s tudy  a more s imple  system t h e  rare g a s e s  
2 
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The a p p a r a t u s  used f o r  t h e  metastable H e +  experiment  is 
be ing  employed. The photons are d e t e c t e d  w i t h  e i t h e r  a broad- 
band windowless EM1 9603 par t ic le  m u l t i p l i e r  which responds  from 
about  2 0 0 i  t o  about  1 2 0 0 i ,  a broad-band LiF window EMR 541-F 
"solar b l i n d "  p h o t o m u l t i p l i e r  which responds  from 1050 i  t o  35001, 
or a 0.5-m J a r r e l l - A s h  Eber t  g r a t i n g  monochromator w i t h  q u a r t z  
opt ics ,  t o g e t h e r  w i t h  a phototube w i t h  S-13 spectral  response .  
The EM1 and EMR t u b e s  are mounted i n  t h e  c o l l i s i o n  chamber, and 
t h e i r  photocathodes are l o c a t e d  about  5 c m  f r o m  t h e  i o n  b e a m ,  
Absolu te  va lues  f o r  t h e  cross s e c t i o n s  o b t a i n e d  w i t h  t h e s e  t w o  
t u b e s  are est imated t o  w i t h i n  a factor of  t e n .  The a b s o l u t e  as 
w e l l  as  r e l a t i v e  c r o s s  s e c t i o n s  and t h e i r  r e s p e c t i v e  b e a m  energy  
dependences s h o w  marked d i f f e r e n c e s  between t h e  two u l t r a v i o l e t  
r e g i o n s .  The c r o s s  s e c t i o n s  for " s o f t "  photon p roduc t ion  vary 
from 3 x 
cross s e c t i o n s  are larger i n  t h e  10' 
range.  
c m 2  t o  1 x 10 -17 cm2, w h i l e  t h e  "hard" photon 
c m 2  t o  about  crn2 
Because t h e  f l u x  of photons i n c i d e n t  on t h e  monochromator 
i s  low, t h e  e n t r a n c e  and e x i t  s l i t  openings must be r e l a t i v e l y  
large i n  order  t o  a l l o w  s u f f i c i e n t  l i g h t  t h rough  t h e  in s t rumen t .  
Measurements are t aken  a t  a s l i t  wid th  of 2 mm r e s u l t i n g  i n  a 
r e s o l u t i o n  of about  201 ,  
t h e  case of t h e  helium i o n  i n c i d e n t  on a rgon ,  r a d i a t i o n  i n  t h e  
v i s i b l e  r eg ion  has  been p o s i t i v e l y  i d e n t i f i e d  as  a r i s i n g  f r o m  
t r a n s i t i o n s  i n  t h e  A r +  spectrum. T h i s  s u g g e s t s  t h e  r a d i a t i v e  
charge  t ransfer  r e a c t i o n  
Through t h e  u s e  of t h i s  i n s t rumen t  f o r  
H e  + + A r  -, H e  + A r  +* 
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. 
S p e c t r a l  l i n e s  have been observed a r i s i n g  from many argon i o n  
e x c i t e d  s t a t e s :  
The p o s s i b i l i t y  t h a t  t h e  helium atom may a l s o  be formed i n  ex- 
c i t e d  s t a t e s  has  n o t  been r u l e d  out .  
t h e  r a d i a t i o n  from t h e  c o l l i s i o n  of He+ w i t h  N e ,  
now i n  p rogres s .  
among them,  t h e  4p4D0, 4p2D0, and 4p2P0 states.  
P o s i t i v e  i d e n t i f i c a t i o n  of 
K r ,  and X e  i s  
Proqram f o r  t h e  next  i n t e r v a l :  1. T o  i d e n t i f y  f u r t h e r  
s ta tes  involved  i n  t h e s e  processes .  2 .  To c o n s t r u c t  a new 
a p p a r a t u s  s p e c i f i c a l l y  des igned  f o r  t h i s  work. 3. To o b t a i n  
a vacuum u l t r a v i o l e t  monochromator t o  ex tend  t h e  range  of s ta te  
i d e n t i f i c a t i o n  t o  inc lude  r eg ions  now only  covered by broad-  
band d e t e c t o r s .  
*This  r e s e a r c h  w a s  also supported by t h e  Na t iona l  Aero- 
n a u t i c s  and Space Adminis t ra t ion  under Grant  NsG-360. 
C. ELECTRIC-FIELD HANLE EFFECT 
(W. Happer, A. Khadjavi ,  A. Lur io )  
Level -c ross ing  experiments  on cadmium i n  p a r a l l e l  e lectr ic  
and magnet ic  f i e l d s  have been completed, and t h e  va lue  f o r  t h e  
d i f f e r e n t i a l  p o l a r i z a b i l i t y  i n  t h e  f i r s t  3 P l  s ta te  was found t o  
be 
a CPS - = 2515 f 75 h 2 -  (kV/cm) 
The b a s i c  exper imenta l  arrangement was i d e n t i c a l  t o  t h a t  
used  w i t h  mercury. A gas-heated aluminum oven was used  t o  
ma in ta in  t h e  resonance  c e l l  a t  2OO0C, and a n  Osram lamp provided  
e x c i t i n g  l i g h t .  The s igna l - to -no i se  r a t i o  was t y p i c a l l y  4 t o  1 
i n  c o n t r a s t  t o  s igna l - to -no i se  r a t i o s  of around 100 t o  1 f o r  
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. 
mercury. I n s t a b i l i t i e s  i n  t h e  O s r a m  lamp w e r e  t h e  c h i e f  sou rce  
of noise .  The l eve l - c ros s ing  s i g n a l s  w e r e  better r e s o l v e d  t h a n  
i n  t h e  mercury experiments  because of t h e  longer  l i f e t i m e  of t h e  
3Pl s ta te  i n  cadmium. 
w e r e  u sed ,  and t h e  q u a d r a t i c  e lectr ic  f i e l d  dependence of t h e  
d i f f e r e n t i a l  S t a r k  s h i f t  w a s  confirmed t o  w i t h i n  expe r imen ta l  
error. At h ighe r  e lectr ic  f i e l d s ,  t h e  Am = 1 l e v e l - c r o s s i n g  
s i g n a l s  w e r e  much weaker t h a n  t h e  cor responding  s i g n a l s  a t  l o w e r  
electric f i e l d s .  Also t h e  s i g n a l  f o r  one d i r e c t i o n  of  t h e  mag- 
n e t i c  f i e l d  w a s  weaker t h a n  t h e  s i g n a l  for t h e  opposite direc- 
t i o n .  W e  a t t r i b u t e  t h e s e  e f f e c t s  a t  h igh  e lectr ic  f i e l d s  t o  a 
s l i g h t  misalignment of t h e  d i r e c t i o n s  of t h e  e lectr ic  and mag- 
n e t i c  f i e l d s  . 
Electric f i e l d  s t r e n g t h s  up  t o  50 kV/cm 
Proqram for t h e  nex t  i n t e r v a l :  W e  i n t e n d  t o  w o r k  on level-  
c r o s s i n g  e f f e c t s  i n  t h e  e x c i t e d  s ta tes  of t h e  a l k a l i  m e t a l s .  
S i n c e  t h e  hype r f ine  s p l i t t i n g s  of  t h e s e  s ta tes  are n o t  much 
greater than t h e  n a t u r a l  l i n e w i d t h ,  s o m e  changes i n  our  p r e s e n t  
experimental  t echn ique  w i l l  be necessa ry .  
(1) CRL Q u a r t e r l y  P rogres s  Report ,  March 15,  1965, p. 5. 
D. FINE STRUCTURE OF SINGLY I O N I Z E D  LITHIUM* 
(T. Luca tor to ,  R .  Novick) 
During t h i s  q u a r t e r  e f f o r t  h a s  been directed toward mini- 
mizing spur ious  s i g n a l s  gene ra t ed  by r f  power. The newly de- 
veloped r f  loop has  e l i m i n a t e d  r f  breakdown and h a s  c o n s i d e r a b l y  
reduced t h e  i n t e r a c t i o n  o f  t h e  r f  r a d i a t i o n  w i t h  t h e  electron 
b e a m .  These f avorab le  i n d i c a t i o n s  w e r e  observed w i t h  a l i t h i u m  
beam which lacked  t h e  i n t e n s i t y  t o  p e r m i t  any resonance  measure- 
ments.  
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An a t t e m p t  w a s  made t o  use magnet ic  f i e l d  modulat ion.  
The modulat ion w a s  ach ieved  by superimposing a s m a l l  ac voltage 
o n t o  t h e  r e f e r e n c e  channel  of t h e  c u r r e n t  r e g u l a t o r  w h i c h  sup- 
p l ies  t h e  dc c u r r e n t  f o r  t h e  Zeeman magnetic f i e l d .  The induc t -  
ance  of t h e  Helmholtz c o i l s  unduly r e s t r i c t e d  t h e  ampl i tude  of  
t h e  modulation. A s e p a r a t e  set of modulation c o i l s  and power 
supply  w i l l  be i n s t a l l e d  and tested. 
Modulation of t h e  m a g n e t i c  f i e l d  or rf power  produces un- 
wanted modulat ion i n  t h e  t o t a l  beam c u r r e n t .  A d i f f e r e n t i a l  
amplifier which provides a high-gain negative feedback f r o m  t h e  
e l e c t r o n  collector t o  a c u r r e n t - c o n t r o l l i n g  g r i d  w a s  i n s t a l l e d  
and w a s  found t o  e l i m i n a t e  about  80”/0 of  t h e  beam-current v a r i -  
a t i o n .  
Program for  t h e  n e x t  i n t e r v a l :  The e f f i c a c y  of t h e  new 
loop i n  producing resonance  s igna ls  w i l l  be f u l l y  i n v e s t i g a t e d .  
n a u t i c s  and Space Admin i s t r a t ion  under Grant  NsG-360. 
*This r e s e a r c h  w a s  also supported by t h e  N a t i o n a l  A e r o -  
E. METASTABLE AUTOIONIZING ATOMS* 
(L, M. Blau, P. Feldman, A. T-M, Kung, M. L e v i t t ,  R .  Novick, 
G. Sprott) 
1. Metastable A l k a l i  A t o m s  
The expe r imen ta l  method u s e d  i n  t h e  measurement of e x c i -  
t a t i o n  f u n c t i o n s  and energy  t h r e s h o l d s  of t h e  metastable au to-  
i o n i z i n g  states i n  t h e  a lka l i  atoms w a s  described i n  t h e  p r e v i o u s  
Q u a r t e r l y  Progress R e p o r t .  (’) T h e  u s e  of an  oxide-coated cathode 
f o r  t h e  e l e c t r o n  source  and t h e  c a l i b r a t i o n  of t h e  energy  scale 
by means of comparison w i t h  t h e  known e x c i t a t i o n  e n e r g i e s  of t h e  
metastable states i n  H e  and N2 allowed u s  t o  o b t a i n  an  a b s o l u t e  
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energy  de te rmina t ion  t o  w i t h i n  an  u n c e r t a i n t y  of k0.3 eV.  
we s h a l l  summarize t h e  r e s u l t s  of  t h e s e  measurements and, i n  
a d d i t i o n ,  cons ide r  t h e  problem of t h e  i d e n t i f i c a t i o n  of t h e  ob- 
served  s t r u c t u r e  o f  t h e  e x c i t a t i o n  f u n c t i o n  i n  t h e  case of 
l i t h ium.  
H e r e ,  
The e x c i t a t i o n  f u n c t i o n s  for l i t h i u m ,  potass ium,  rubidium, 
and cesium are  shown i n  F i g s .  4-7, respectively. I n  t h e  case of 
sodium, t h e  poor s igna l - to -no i se  r a t i o  obscured t h e  d e t a i l s  of 
t h e  s t r u c t u r e ,  and o n l y  t h e  p r i n c i p a l  threshold w a s  determined.  
The cesium e x c i t a t i o n  f u n c t i o n  i s  a c t u a l l y  a s u p e r p o s i t i o n  o f  
t w o  d i f f e r e n t  e x c i t a t i o n s ,  t h a t  of t h e  metastable a u t o i o n i z i n g  
s ta te  and t h a t  of t h e  low-lying r a d i a t i n g  state of Cs'. 
phenomenon w a s  d i s c u s s e d  p r e v i o u s l y ,  (2) and t h e  r e s u l t s  have 
been confirmed by a d d i t i o n a l  data t aken  w i t h  a p h o t o s e n s i t i v e  
detector . 
T h i s  
I F i g ,  4 E x c i t a t i o n  f u n c t i o n s  of metastable a u t o i o n i z i n g  atomic 
s t a t e s  i n  l i t h i u m ,  The d e t e c t o r  o u t p u t  i s  p lo t ted  as a 
func t ion  of  t h e  i n c i d e n t  e l e c t r o n  energy  a t  c o n s t a n t  
bombarding c u r r e n t  
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Fig .  7 E x c i t a t i o n  f u n c t i o n  of metastable a u t o i o n i z i n g  a t o m i c  
s t a t e s  i n  cesium. 
A summary of t h e  v a r i o u s  e x c i t a t i o n  t h r e s h o l d s  and t h e  
corresponding c o n f i g u r a t i o n s  i s  g i v e n  i n  Table I. The r i g h t -  
hand column of t h e  tab le  g i v e s  t h e  t e r m  and energy  ( i n  e V )  of 
t h e  l o w e s t  doub le t  s t a t e  of t h e  s a m e  c o n f i g u r a t i o n  as determined 
f r o m  t h e  u l t r a v i o l e t  a b s o r p t i o n  spectra of B e u t l e r  and Collabo-  
ra tors ,  ( 3 )  I n  t h e  heav ie r  a l k a l i s  t h e  o r d e r i n g  of t h e  possible 
metastable states i s  u n c e r t a i n  s i n c e  t h e  energy  of  an  s e l e c t r o n  
w i t h  high p r i n c i p a l  quantum number i s  o f t e n  depressed b e l o w  t h a t  
of an  e l e c t r o n  w i t h i n  a high angu la r  momentum s ta te  w i t h  l o w e r  
p r i n c i p a l  quantum number. 
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TABLE I 
Measured E x c i t a t i o n  Energ ie s  of  t h e  Lowest Metastable Autoion- 
i z i n g  S t a t e  i n  Each of t h e  A l k a l i  A t o m s .  
Lowes t  Doublet  State 
Energy above Assignment of  Same Conf igu ra t ion  Ground S t a t e  I d e n t i f i e d  bv B e u t l e r  
and Collaboritors ( 3 )  
4 Li 57.3 k 0.3 e V  ( l s2s2p)  P 
N o t  i n v e s t i g a t e d  
31.8 f 0.3 e V  ( 2 ~ ~ 3 . ~ 3 ~ )  4 D N a  
> 2 0  eV 
19.9 f 0.3 e V  (3p54s3d) 4 F (beyond low-X l i m i t  K 
of a p p a r a t u s )  
R b  15.8 f 0.3 e V  (4p55s4d) 4 F 17.2 e V  
cs 12.6 f 0.3 e V  ( 5 ~ ~ 6 s 5 d ) ~ F  14.1 e V  
I n  t h e  case of l i t h i u m ,  c a l c u l a t i o n s  of t h e  energy  of 
s o m e  of t h e  metastable a u t o i o n i z i n g  s ta tes  are a v a i l a b l e ,  and 
t h e  o r d e r i n g  of t h e  l o w e s t  q u a r t e t  s ta tes  i s  known. Table I1 
l is ts  t h e  c a l c u l a t e d  energy v a l u e s  accord ing  t o  s e v e r a l  au- 
t h o r s .  (4-8) 
and Holdien,  ( 7 )  i f  cons ide red  a s  upper bounds t o  t h e  t r u e  energy 
e i g e n v a l u e  of t h e  ( l s2s2p)  P s t a t e ,  g i v e  e x c e l l e n t  agreement 
w i t h  t h e  expe r imen ta l  v a l u e  of  57.3 f 0.3 eV. A s  f o r  t h e  d e t a i l s  
of t h e  s t r u c t u r e  on t h e  L i  exci ta t ion cu rve ,  i n  Table I11 t h e  
f o u r  d i s t i n c t  t h r e s h o l d s ,  consecu t ive ly  numbered, are l i s t e d  and 
t e n t a t i v e l y  i d e n t i f i e d .  Th i s  is done on t h e  assumption t h a t  
The r e c e n t  v a r i a t i o n a l  r e s u l t s  of Minn, (5) Manson, (6) 
4 
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TABLE I1 
Calcu la t ed  Energ ies  of t h e  L o w e s t  Metastable Auto ion iz ing  S t a t e s  
i n  Lithium ( i n  e V  above t h e  ground s t a t e ) .  
L i  Level A B C D E 
( l s2s2p)4P 57.99 57.63 57.52 57.6 55.47 
(ls2p2p) 4P 61.42 
( ls2s3s)  4s  
( l s2s3p)  4P 
( l s2s3d)  4D 
4 ( l s2p3s )  P 
59.67 
61.11 
61.75 
61.80 
63.17 
A. Ta-You Wu and S. T ,  Shen, r e f .  4 ( 3  parameter hydrogenic  
B. S. Manson, re f .  6 (15 parameter Hartree-Fock t y p e  wave 
C. F. Minn, ref .  5 (15 parameter c o n f i g u r a t i o n  i n t e r a c t i o n  w a v e  
D. E. Holdien, ref. 7 (Hy l l e raas  type va r i a t iona l  wave f u n c t i o n s )  
E. J. Do Garcia and J. E. Mack, ref .  8 (Screening  parameter 
o r b i t a l s  wave f u n c t i o n )  
func t ion )  
f u n c t i o n )  
e v a l u a t i o n )  
TABLE I11 
Energy Thresholds  of  Metastable Au to ion iz ing  S t a t e s  i n  Li thium 
Threshold Energy T e n t a t i v e  Assiqnment 
( l s2s2p)  4 P 
1 57.3 e V  
2 4  
2 59.9 e V  ( l s 2 p  1 p 
3 61.9 e V  ( l s 2 s 3 s )  s 4 
4 
4 4 
4 
( l s 2 s 3 p )  P, ( l s2s3d)  D,  
63,2 e V  
( ls2p3s) P,  ( ls2p3pI4P,  4D 
1 6  
h ighe r - ly ing  q u a r t e t  s ta tes  may radiate t o  t h e  l o w e s t  q u a r t e t  
s tates i n  t i m e s  shorter  t h a n  t h e  a u t o i o n i z a t i o n  l i f e t i m e s ,  so 
t h a t  t h e  h ighe r  metastable a u t o i o n i z i n g  states are  observed 
through t h e i r  r a d i a t i v e  cascade  t o  t h e  ( l s 2 s 2 p )  4 P s ta te .  Such 
t r a n s i t i o n s  have been hypothesized a s  t h e  sou rce  of s e v e r a l  un- 
a s s i g n e d  l i n e s  i n  t h e  emiss ion  spectrum of L i +  as  r e p o r t e d  by 
Herzberg and Moore. The e n e r g i e s  and t e n t a t i v e  ass ignments  
l i s t e d  i n  Table I11 are used t o  deduce pr imary a l lowed t r a n s i -  
t i o n s  which are l i s t e d  i n  Table IV. 
possible cor responding  l i n e  i n  u n i t s  of b o t h  wavelength and 
energy  from t h e  opt ical  d a t a ,  and it can be seen t h a t  a corre- 
spondence between t h e  two i s  possible, On t h e  o t h e r  hand, f o r  a 
pos i t ive  i d e n t i f i c a t i o n ,  it would be n e c e s s a r y  t o  observe  t h e  
r a d i a t i o n  and t h e  p roduc t ion  of metastable a t o m s  s imu l t aneous ly  
t o  e s t a b l i s h  ' t h a t  t h e  i n i t i a l  s ta te  i n  t h e  t r a n s i t i o n  a c t u a l l y  
l i e s  b e l o w  t h e  f irst  e x c i t e d  s t a t e  of Li'. Garcia and Mack (8) 
have made a n  i d e n t i f i c a t i o n  of t h e s e  l i n e s  on t h e  basis of t h e i r  
c a l c u l a t e d  e n e r g i e s ,  The i r  ass ignments  d i f f e r  from o u r s ,  and 
t h e  d i s c r e p a n c y  may be traced t o  t h e  f a c t  t h a t  t h e i r  energy f o r  
The f o u r t h  column g i v e s  t h e  
t h e  ( l s 2 s 2 p )  4 P s t a t e  l i e s  1.8 e V  b e l o w  our  p r e s e n t  measurement. 
TABLE I V  
P o s s i b l e  R a d i a t i v e  T r a n s i t i o n s  Between Metastable Auto ion iz ing  
S t a t e s  i n  Lithium 
T r a n s i t i o n  - AE 
T e n t a t i v e  
A s  siqnment H e r  zberg-Moor e ( 9 )  
4607i  (2.69 e V )  2 - 1  2.6 e V  ( l s 2 s 2 p )  P - ( ls2p ) P 
2934i  (4.22 e V )  3 - 1  
4 - 1  5.9 e V  ( l s 2 ~ 2 p ) ~ P  - ( l s 2 ~ 3 d ) ~ D  2336i  (5 .31 e V )  
4 2 4  
4.6 e V  ( l s 2 ~ 2 p ) ~ P  - ( l s 2 s 3 s )  4 S 
4 4 
4 - 2  3.3 e V  ( l s 2 p  ) P - ( 1 ~ 2 ~ 3 s )  P 
( 1 ~ 2 ~ 2 ~ )  P - ( 1 . ~ 2 ~ 3 ~ )  D 
3714i  (3.34 e V )  2 4  4 
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N o  f u r t h e r  work on t h i s  a s p e c t  of our i n v e s t i g a t i o n  of 
me tas t ab le  a u t o i o n i z i n g  s ta tes  i s  planned,  An a r t i c l e  r e p o r t i n g  
t h e  r e s u l t s  of t h i s  work i s  be ing  p repa red  f o r  p u b l i c a t i o n .  
2 Rf Spectroscopy 
A s e t  of experiments  has  been i n i t i a t e d  t h i s  q u a r t e r  on 
t h e  basis of t h e  exper imenta l  poss ib i l i t i es  which w e r e  i n d i c a t e d  
by a new c a l c u l a t i o n  of t h e  metastable l e v e l  scheme. (6) 
r e s u l t s  of t h i s  c a l c u l a t i o n  have p e r m i t t e d  u s  t o  unders tand  t h e  
r e s u l t s  of a n  experiment ('O) on t h e  Zeeman quenching of t h e  
( l s 2 ~ 2 p ) ~ P ~ / ~  s t a t e  of L i 7 .  
se rved  on t h e  quenching cu rve  corresponded t o  t h e  a n t i c r o s s i n g  
of long- l ived  J = 5/2 states w i t h  e i t h e r  J = 1/2  or J = 3/2 
states, which are coupled m o r e  s t r o n g l y  t o  t h e  continuum. The 
t w o  states i n t e r a c t  through o f f -d i agona l  ( A J  = 1) hyper f ine  and 
Zeeman matrix elements .  
The 
It w a s  found t h a t  t h e  s t r u c t u r e  ob- 
The s u c c e s s  of t h e  t h e o r y  i n  p r e d i c t i n g  t h e  correct a n t i -  
c r o s s i n g  H f i e l d s  i n d i c a t e s  t h a t  it can a lso be u t i l i z e d  t o  pre- 
d i c t  s p l i t t i n g s  f o r  r f  resonance  w o r k .  An experiment  which i s  
t h e n  immediately sugges ted  i s  t h e  d e t e r m i n a t i o n  of t h e  high- 
f i e l d  s p l i t t i n g s  of t h e  p a i r s  of a n t i c r o s s i n g  states.  Such 
states are  known t o  have a p p r e c i a b l y  d i f f e r e n t  l i f e t i m e s  and 
energy  s e p a r a t i o n s  near  t h e  a n t i c r o s s i n g  p o i n t  which are s m a l l  
enough t o  p e r m i t  u s e  of high-power low-frequency r f  g e n e r a t o r s .  
The new e i g e n f u n c t i o n s  can  be used  t o  c a l c u l a t e  t h e  rf  coup l ing  
between t h e  two states a t  H f i e l d s  j u s t  b e l o w  (or above) t h e  
a n t i c r o s s i n g  p o i n t .  These e i g e n f u n c t i o n s  a l s o  i n d i c a t e  t h a t  
t h e  d e t e c t i o n  of microwave induced t r a n s i t i o n s  between t h e  F = 4 
and F = 3 hyperf ine  l e v e l s ,  on which w e  have been working,  (11) 
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. 
i s  d i f f i c u l t  even a t  high magnetic f i e l d s  because  of t h e  s m a l l  
d i f f e r e n t i a l  m e t a s t a b i l i t y  of t he  states,  The obse rva t ion  of 
t h e  aforementioned f i n e - s t r u c t u r e  r e sonances ,  however, w i l l  per -  
m i t  u s  t o  make t h e  ad jus tment  of t h e  t h e o r y  necessary  t o  p r e d i c t  
a c c u r a t e l y  t h e  hype r f ine  s p l i t t i n g s ,  t h u s  r e n d e r i n g  t h e  l a t t e r  
experiment  more f e a s i b l e .  
The proposed exper imenta l  s e t u p  w i l l  u t i l i z e  almost a l l  
of t h e  e x i s t i n g  components of t h e  o l d  resonance  a p p a r a t u s  w i t h  a 
major mod i f i ca t ion  i n  t h e  beam d e t e c t i o n  system. The Bendix 
m u l t i p l i e r ,  which i s  r e s t r i c t e d  i n  o p e r a t i o n  t o  magnet ic  f i e l d s  
of t h e  o rde r  of 400 G ,  w i l l  be r ep laced  by a f ie ld- independent  
s u r f a c e - b a r r i e r  s o l i d - s t a t e  d e t e c t o r  . 
of t h e  metastable l i t h i u m  b e a m  w i l l  d r i f t  o u t  of t h e  b e a m  r e g i o n  
due t o  an e lectr ic  f i e l d  of about 100 V ,  w h i c h  i s  des igned  t o  
minimize t h e  background s i g n a l ,  It i s  thought  t h a t  t h e  observed 
background i s  caused by t h e  e l e c t r i c - f i e l d - i n d u c e d  i o n i z a t i o n  of 
d i s c r e t e  s t a t e s  l y i n g  j u s t  below t h e  i o n i z a t i o n  l i m i t .  The 
e l e c t r o n s  w i l l  t h e n  be a c c e l e r a t e d  i n  a h i g h - f i e l d  ( ~ 1 5  k e V )  
r e g i o n  so t h a t  t h e y  have s u f f i c i e n t  energy t o  be c l e a r l y  i d e n t i -  
f i e d  by  t h e  p u l s e s  t h e y  g i v e  rise t o  i n  t h e  s o l i d - s t a t e  d e t e c t i o n  
system. T h i s  system w i l l  c o n s i s t  of t h e  cooled surface-barrier 
d e t e c t o r ,  a very  low-noise cha rge - sens i t i ve  p r e a m p l i f i e r ,  and a 
matching a m p l i f i e r .  For resonance work, t h i s  system w i l l  be 
used  i n  con junc t ion  w i t h  a dual-mode scalar. Mode one w i l l  
o p e r a t e  i n  t h e  presence  of an rf f i e l d ,  w h i l e  mode two w i l l  
o p e r a t e  when t h e  r f  f i e l d  i s  absent .  The d i f f e r e n c e  i n  t h e  
number of coun t s  i n  t h e  two modes w i l l  i n d i c a t e  w h e t h e r  or  n o t  
a t r a n s i t i o n  between t h e  long-l ived and s h o r t - l i v e d  s ta tes  h a s  
occur red  f o r  a p a r t i c u l a r  frequency of t h e  rf f i e l d ,  
E l e c t r o n s  f r o m  t h e  decay 
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. 
A s  an  i n i t i a l  check on t h i s  a p p a r a t u s ,  and t o  tes t  more 
s e n s i t i v e l y  our t h e o r y ,  we w i l l  r e p e a t  t h e  Zeeman quenching ex- 
per iment .  S i n c e  t h e  expe r imen ta l  c o n f i g u r a t i o n  i n v o l v e s  one 
uniform H f i e l d  for metastable p roduc t ion ,  quenching, and de tec -  
t i o n ,  t h e  p o s i t i o n s  and wid ths  of t h e  a n t i c r o s s i n g s  can be ob- 
t a i n e d  w i t h  g r e a t e r  accuracy  t h a n  i n  t h e  o r i g i n a l  experiment.  
W e  w i l l  also have t h e  a d d i t i o n a l  deg ree  of freedom a f f o r d e d  by 
a movable d e t e c t o r .  It i s  a l s o  hoped t o  de termine  roughly  t h e  
lifetimes of t h e  v a r i o u s  l e v e l s ,  and t o  n o t e  any bombardment 
p o l a r i z a t i o n  e f f e c t s  (unequal  p o p u l a t i n g  of  t h e  s e v e r a l  MF levels) ,  
by f i t t i n g  a t h e o r y  i n c o r p o r a t i n g  t h e  e i g e n f u n c t i o n s  and assumed 
l i f e t i m e s  t o  quenching d a t a  ob ta ined  for s e v e r a l  metastable ex- 
c i t a t i o n  ene rg ie s .  
The components of t h e  a p p a r a t u s  d e s c r i b e d  above are 
p r e s e n t l y  be ing  c o n s t r u c t e d  and assembled, and we w i l l  p roceed  
w i t h  t h e  experiments  which we  have o u t l i n e d  d u r i n g  t h e  n e x t  
q u a r t e r  . 
3 .  He' Ion 
S t u d i e s  of t h e  He-  i o n  analogous t o  t h e  i n v e s t i g a t i o n s  of 
t h e  me tas t ab le  states i n  t h e  a l k a l i  e l emen t s  are be ing  i n i t i a t e d  
as p a r t  of t h e  Labora to ry ' s  c o n t i n u i n g  i n t e r e s t  i n  metastable 
a u t o i o n i z i n g  atoms and i o n s  i n  general .  I n  a d d i t i o n ,  t h e r e  i s  a 
good p o s s i b i l i t y  t h a t  t h e  mechanism of d i f f e r e n t i a l  m e t a s t a b i l i t y  
(13 1 may be u t i l i z e d  t o  produce a source  of p o l a r i z e d  3He- i o n s .  
The development of such an i o n  source  for  tandem Van de G r a a f f  
g e n e r a t o r s  would be a v a l u a b l e  t o o l  for  n u c l e a r  s t r u c t u r e  
s t u d i e s .  
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The f i r s t  step i n  t h e  p r e s e n t  r e s e a r c h  program i s  t o  
s t u d y  t h e  4He- i o n  and t o  measure t h e  e f f e c t  o f  magnet ic  f i e l d s  
on t h e  mixing of t h e  v a r i o u s  magnetic s u b s t a t e s  of t h e  4P5/2 
component of t h e  i o n ,  
3He are v e r y  similar,  t h e  m o r e  abundant 4He' i o n  w i l l  be s t u d i e d  
f irst  i n  o r d e r  t o  de te rmine  t h e  f e a s i b i l i t y  of producing  a polar- 
i zed  3He- i o n  beam. 
S ince  t h e  atomic properties of 4He and 
According t o  t h e  s e l e c t i o n  r u l e s  on ly  t h e  4P5/2 s ta te  i s  
metastable, having a l i fe t ime i n  t h e  m i l l i s e c o n d  r e g i o n ,  (14) 
states are much s h o r t e r  w h i l e  t h e  P3/2, P3/21 and P1/2 
l i v e d . ( 1 5 )  
MJ) 
caused by an  e x t e r n a l  magnet ic  f i e l d  w i l l  r e s u l t  i n  a d e c r e a s e  
i n  beam i n t e n s i t y .  S i m i l a r  experiments  have been completed on 
t h e  ( l s2s2p)  P metastable s t a t e  i n  L i 7 ,  and t h e  p o s i t i o n s  of  
anamol ies  i n  t h e  L i  quenching curve ( l o )  
vs e x t e r n a l  magnet ic  f i e ld )  have been i d e n t i f i e d  as  a n t i c r o s s i n g s  
4 
of  t h e  s u b s t a t e s  of t h e  ( l s 2 s 2 p )  P s t a t e  (see S e c t i o n  2 ) .  By 
comparing t h e  measured quenching curve  of 4He- w i t h  t h a t  of L i ,  
it i s  f e l t  t h a t  l i m i t s  on t h e  l i f e t i m e s  of t h e  4P3/2 and 4P1/2 
s ta tes  can be o b t a i n e d ,  
The 4He- beam may be produced by a Cockcroft-Walton ac- 
4 4 2 2 
Hence, any mixing of t h e  metastable (J, MJ) = (5/2, 
states w i t h  t h e  s h o r t e r - l i v e d  (3/2, MJ) and (1 /2 ,  MJ) states 
4 
(p lo t  of b e a m  i n t e n s i t y  
celerator,  and measurements of  beam i n t e n s i t y  and d i s p e r s i o n  are 
now b e i n g  i n i t i a t e d .  T h i s  machine should produce a s u f f i c i e n t l y  
i n t e n s e  beam of 4He' i o n s  i n  t h e  energy r ange  of  10 keV 5 E - < 
100 keV.  Combining t h i s  r e l a t i v e l y  h igh  beam energy  w i t h  a 
metastable l i f e t i m e  i n  t h e  mi l l i s econd  r e g i o n  n e c e s s i t a t e s  t h e  
u s e  of long  f l i g h t  p a t h s  (of between 5-10 m )  i n  order t o  o b t a i n  
measurements w i t h  a few p e r c e n t  u n c e r t a i n t y .  I n  a d d i t i o n  t o  
2 1  
t h i s  problem of long  f l i g h t  p a t h s ,  a magnet ic  f i e l d  of  about  
20,000 G w i l l  be necessa ry  i n  o rde r  t o  ach ieve  t h e  d e s i r e d  de- 
g r e e  of mixing of t h e  magnetic s u b s t a t e s .  These t w o  problems 
have been so lved  by u t i l i z i n g  t h e  o l d  c y c l o t r o n  magnet of t h e  
obsolete 19-MeV pro ton  c y c l o t r o n  of Columbia U n i v e r s i t y .  With 
s l i g h t  m o d i f i c a t i o n s  t h e  magnet may be made t o  produce a magnet ic  
f i e l d  of 20,000 G over an area 30 i n c h e s  i n  d iameter .  By trap- 
p ing  t h e  *He- i o n s  i n  t h i s  f i e l d  and caus ing  them t o  f o l l o w  
v e r t i c a l  h e l i c a l  p a t h s ,  t h e  o v e r - a l l  f l i g h t  p a t h  may be made t o  
approach 10 m. 
Once r easonab le  es t imates  of t h e  4 P3,2 and 4P1/2 l i f e -  
t i m e s  are e s t a b l i s h e d ,  t h e  f e a s i b i l i t y  of producing a p o l a r i z e d  
3He- i o n  source  can be f r u i t f u l l y  examined. 
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F. HYPERFINE STRUCTURE OF GROUP I I A  ISOTOPES* 
(R.  Novick, M. Swagel) 
During t h i s  q u a r t e r  f i v e  n a t u r a l  barium ce l l s  have been 
t e s t e d .  A l l  c e l l s  had l a t t i c e d  window f l a n g e s .  The f i r s t  three 
cells,  w i t h  b o d i e s  of  304 s t a i n l e s s  s t e e l ,  305 s t a i n l e s s  steel, 
and molybdenum, r e s p e c t i v e l y ,  w e r e  ope ra t ed  a t  t empera tu res  up 
t o  750°C. I n  t h e s e  cel ls  t h e  Hanle e f f e c t  i n  t h e  6 1 P1 - 6 1 So 
(green)  t r a n s i t i o n  w a s  s t r o n g e s t  a t  550"C, and t h e  Hanle e f f e c t  
i n  t h e  6 3 P1 - 6 So ( r e d )  t r a n s i t i o n  s t a r t e d  t o  appear  a t  750°C. 
A f t e r  t h r e e  hour s  of o p e r a t i o n  a t  750"C, t h e  windows became 
t o t a l l y  opaque. 
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The t empera tu re  of t h e  next  c e l l  w a s  l i m i t e d  t o  a maximum 
of  700°C. Again t h e  Hanle e f f e c t  w a s  s t r o n g e s t  a t  550°C. The 
windows became opaque a f t e r  s i x  hours .  The t empera tu re  of t h e  
f i f t h  ce l l  w a s  l i m i t e d  t o  a maximum of 650°C. A f t e r  f i f t e e n  
hours  of runn ing ,  t h e  tempera ture  f o r  maximum green  Hanle e f f e c t  
dropped from 550°C t o  450°C. 
570°C w i t h  s igna l - to -no i se  r a t i o  e q u a l  t o  100. Double resonance  
i n  B a  138 w a s  induced a t  30 M c  with 2.5 A of r f  c u r r e n t  and S /N 
e q u a l  t o  10. When t h e  r f  c u r r e n t  w a s  i n c r e a s e d ,  an  r f  d i s c h a r g e  
w a s  p r e c i p i t a t e d  i n  t h e  cel l .  
T h e  red Hanle e f f e c t  appeared a t  
Proqram f o r  t h e  nex t  i n t e r v a l :  I n  p r e v i o u s l y  c o n s t r u c t e d  
cel ls  t h e  barium p lug  w a s  loaded i n  a b e l l  jar and t r a n s f e r r e d  
i n  a i r  t o  t h e  bake-out vacuum system. An ox ide  l a y e r  formed on  
23 
t h e  barium. Th i s  l a y e r  may be r e s p o n s i b l e  f o r  t h e  d i f f i c u l t y  i n  
ach iev ing  Hanle-ef fec t  and double-resonance s i g n a l s  a t  t h e  ex- 
pec ted  tempera tures .  For t h e  nex t  c e l l ,  t h e  barium p l u g  w i l l  be 
loaded  w i t h  barium i n  t h e  vacuum system used f o r  evacua t ing  t h e  
cell.  Thus, t h e  barium plug  w i l l  n o t  be exposed t o  a i r  and no 
oxide  l a y e r  w i l l  f o r m .  
n a u t i c s  and Space Admin i s t r a t ion  under Grant  NsG-360. 
*This  r e s e a r c h  w a s  a l so  suppor ted  by t h e  N a t i o n a l  A e r o -  
G, FINE AND HYPERFINE STRUCTURE OF THE 3~ STATE OF ~ i 7 *  
(R, C. Isler, S. Marcus, R.  Novick) 
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have been ob ta ined  f o r  t h e  magnet ic  f i e l d s  a t  which t h e  f o u r  
Am = 2 l e v e l  c r o s s i n g s  occur  i n  t h e  3P s ta te  of L i 7 .  I n  t e r m s  
o f  t h e  resonance frequency of t h e  p ro ton  probe used  t o  measure 
t h e s e  f i e l d s ,  t h e y  are 
Measurements which are a c c u r a t e  t o  a few par ts  i n  1 0  
+O . 013 kc 
+O . 005 kc 
+O . 006 kc 
- 0 -  024 3911.446 I 
3901.757-0.002 I 
3892 . 166-0. 014 I 
and +O . 005 kc 3882.649-0-002 
Each  v a l u e  is  t h e  average  of f o u r  measurements, and t h e  uncer-  
t a i n t i e s  quoted are t h e  largest observed  d e v i a t i o n s  from t h e  
average.  
The i n t e r v a l s  between s u c c e s s i v e  h y p e r f i n e  c r o s s i n g s ,  
a g a i n  i n  terms of t h e  p ro ton  r e sonance  f r equency ,  are 
24 
and 
+O. 018 kc 
+o . 011 
0 591-0. 016 kc I 
+o . 011 
9-517-0.016 kc . 
g * 6 8 9 - ~ . ~ 2 6  I 
The v a r i a t i o n s  i n  t h e s e  i n t e r v a l s  ref lect  t h e  e f f e c t s  of second- 
o r d e r  magnet ic  d i p o l e  and electric quadrupole  i n t e r a c t i o n s .  
Once a s u f f i c i e n t  number of measurements have been made t o  re- 
duce t h e  s t a t i s t i c a l  u n c e r t a i n t y  i n  t h e  measurements of t h e  
h y p e r f i n e  s p l i t t i n g ,  it should  be p o s s i b l e  t o  e x t r a c t  a v a l u e  
for t h e  e lectr ic  quadrupole  moment i n  L i 7 .  
Proqram f o r  t h e  n e x t  i n t e r v a l :  F u r t h e r  measurements of  
t h e  c r o s s i n g  f i e l d s  w i l l  be made f o r  t h e  3P s ta te  of L i 7 ,  and 
s i m i l a r  exper iments  w i l l  be performed f o r  L i  6 . 
*This work was also supported by t h e  N a t i o n a l  Aeronau t i c s  
and Space Admin i s t r a t ion  under Grant NsG-360, 
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11. PROPERTIES OF RADIOACTIVE ATOMS 
A, OPTICAL STUDIES OF ATOMS 
(W. Happer, R.  Novick, E.  B o  Saloman) 
During t h i s  q u a r t e r ,  w e  have s u c c e s s f u l l y  c a r r i e d  o u t  t h e  - 
experiments  d i s c u s s e d  i n  t h e  l a s t  Q u a r t e r l y  P rogres s  Report .  ( L 2 )  
D i f f e r e n t  l i f e t imes  for  a t o m i c  s ta tes  e x c i t e d  w i t h  l i n e a r l y  and 
c i r c u l a r l y  p o l a r i z e d  l i g h t  w e r e  observed when t h e  Han le -e f f ec t  
s i g n a l  w a s  s u b j e c t  t o  r e s o n a n t  s e l f -b roaden ing ,  and a l so  i n  t h e  
p re sence  of f o r e i g n  g a s  broadening and coherence narrowing. 
, 
The g e n e r a l  behavior  of t h e  l i n e w i d t h  (3) is  i n d i c a t e d  i n  
I Fig .  8, where t h e  r a t i o  of t h e  quadrupole  or a l ignment  wid th  
(yal = 1 / ~ ~ 1 )  t o  t h e  n a t u r a l  width I’ = 1 / ~  [ T  = 5.75(20) x lo-’ 
sec ]  (7) has been p l o t t e d  as a f u n c t i o n  of atomic vapor d e n s i t y .  
The r e s u l t s  of measurements of t h e  d i p o l e  or o r i e n t a t i o n  wid th  
(y,) and t h e  a l ignment  wid th  (yal)  are summarized i n  Table V ,  
Because of t h e  f a i r l y  large f v a l u e  f o r  t h e  2833i resonance  l i n e  
i n  l e a d ,  t h e  l i n e w i d t h  a t  h igh  vapor d e n s i t i e s  should  be deter- 
mined c h i e f l y  by r e sonan t  c o l l i s i o n  broadening.  (4f 5, The r e s u l t s  
TABLE V ,  R e s u l t s .  
Lead (Yor-  l’)/(Yal- 1’) 
I 
A t o m i c  
Dens i ty  y or Ya ln  Exper i -  The o r  e t  - Comment 
(cm-3) 
~ 
menta l  i c a l  
2.9 x 1.99(3) 1,76(3) 1.30(5) 1.30 * 1.67 a 
1.3 x 1,36(2) 1,22(2) 1 . 64 (18) - b 
1.3 x 0.852(18) 0,818(18) 0.8(2) 0.714 C 
l a. These r e s u l t s  are f o r  t h e  case of r e s o n a n t  se l f -broadening .  
b. These r e s u l t s  are f o r  t h e  case of f o r e i g n  gas broadening.  
c, These r e s u l t s  a r e  f o r  t h e  case of a s a t u r a t e d  coherence-  
narrowing e f f e c t .  
26 
. 
I I I 1 1 1 1 I 
\ w 
1 H 
I 
I 
H 
H 
I I 0 
(4 - . t- 0 aD. cu 0 - ‘J; 9 
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of our  measurements are c o n s i s t e n t  w i t h  t h e  rough t h e o r e t i c a l  
estimates o f  Omont (5)  for t h e  r a t i o  of  t h e  t w o  r e l a x a t i o n  t i m e s .  
A marked d i f f e r e n c e  i n  y a l  and yor w a s  a l s o  observed w i t h  a 
gassy  resonance ce l l .  The exact c o n s t i t u e n t s  and p r e s s u r e  of 
t h e  f o r e i g n  gas are  unknown, b u t  a s p e c t r o g r a p h i c  a n a l y s i s  of 
t h e  l i g h t  from a m i c r o w a v e  d i s c h a r g e  through t h e  c e l l  showed 
N e ,  OH, CO, and NH emiss ion  bands as  w e l l  as s t r o n g  l i n e s  from 
atomic hydrogen. I n  t h e  f u t u r e  we  p l a n  t o  carry o u t  m o r e  con- 
t r o l l e d  s t u d i e s  of f o r e i g n  gas broadening,  
Coherence narrowing i n  l e a d  i s  much less pronounced t h a n  
i n  atoms such a s  mercury because of t h e  p re sence  of branch  de- 
cay  modes from t h e  e x c i t e d  s ta te .  One can show t h a t  t h e  theo-  
r e t i ca l  maximum branching r a t i o  i s  reduced  by t h e  branching  
r a t i o  [27(3)%] ( 3 )  t o  t h e  ground s ta te .  S i n c e  t h e  coherence  
narrowing i s  so s m a l l ,  our  expe r imen ta l ly  measured v a l u e s  of 
yal and yo, are n e a r l y  t h e  same, b u t  w i t h i n  expe r imen ta l  error 
our  r a t i o  of (yor - 17)/(yal - 1.) i s  i n  agreement w i t h  t h e  theo-  
r e t i c a l  r a t i o  of 5/7. ( 6 )  
These experiments  demonst ra te  t h a t  under a w i d e  r ange  of 
exper imenta l  c o n d i t i o n s  t h e  d i f f e r e n t  m u l t i p o l e  components of 
t h e  d e n s i t y  m a t r i x  d e s c r i b i n g  e x c i t e d  a t o m s  i n  a vapor re lax  w i t h  
measurably d i f f e r e n t  t i m e  c o n s t a n t s .  More de ta i led  s t u d i e s  of 
t h i s  k i n d  should y i e l d  c o n s i d e r a b l e  i n f o r m a t i o n  abou t  t h e  mechan- 
i s m s  involved i n  d e p o l a r i z i n g  c o l l i s i o n s .  
The above experiments  i n d i c a t e d  t h a t  t h e  q u a r t z  ce l l s  used  
i n  t h e s e  experiments  o f t e n  become g a s s y  when h e a t e d  above 750°C. 
A s  a r e s u l t  it w a s  decided t o  repeat t h e  r e s o n a n t  c o l l i s i o n  
broadening measurements. I n  t h i s  series of measurements,  t h e  
cells w e r e  k e p t  a t  h igh  t empera tu res  for  as s h o r t  a period a s  
2 8  
p o s s i b l e .  The p resence  of f o r e i g n  gas w a s  monitored b e f o r e  and 
after a r u n  by obse rv ing  t h e  l i n e w i d t h  a t  which t h e  coherence  
narrowing s a t u r a t e d .  The r e s u l t s  are l i s t e d  i n  Table V I ,  where 
t h e  u n c e r t a i n t y  i s  t h r e e  t i m e s  t h e  s t a n d a r d  d e v i a t i o n  of  t h e  d a t a .  
TABLE: V I  
Resu l t s :  Resonant Self-Broadening 
T ("a N (cmW3) Broadening ( lo8  cps) c m  /set) 3 
750 2.00 1014 0.058 (22) 2.9(11) 
800 5.10 0.159 (27) 3.12 (54) 
0.388 ( 2 7 )  3.31 (26) 
903 2.65 x 10  0.858 (40) 3.24 (16) 
850 1.17 
1 5  
Allowing for  t h e  u n c e r t a i n t y  of  t h e  d e n s i t y  d e t e r m i n a t i o n  from 
vapor -p res su re  c u r v e s ,  we obtain f o r  t h e  r e s o n a n t  c o l l i s i o n  
broadening  effect  i n  t h e  ( 6 ~ 7 s ) ~ P :  state of  l e a d  
where 3 i s  t h e  mean re la t ive v e l o c i t y  of t h e  lead a t o m s ,  and a 
i s  t h e  r e s o n a n t  c o l l i s i o n  broadening cross s e c t i o n .  T h i s  r e s u l t  
i s  w i t h i n  t h e  r a n g e  of  t h e  p r e d i c t i o n s  of Omont. (5)  
A c a r e f u l  d e t e r m i n a t i o n  w a s  made of  t h e  l i f e t i m e  of t h e  
The energy  l e v e l s  of  i n t e r e s t  are 
0 
2 3 0  ( 6 s  6p8s)  P1 s t a t e  i n  lead. 
shown i n  F ig .  9. Lead atoms w e r e  e x c i t e d  from t h e  (6s 6p ) P 
ground s ta te  t o  t h i s  s t a t e  by 20531 resonance  l i g h t .  
effect  r e sonances  w e r e  observed i n  t h e  5201i  cross f l u o r e s c e n c e  
t o  t h e  (6s  6p ) So state .  Eight  d e t e r m i n a t i o n s  w e r e  made over 
2 2 3  
Hanle- 
2 2 1  
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an  atomic d e n s i t y  r ange  of 200. N o  s i g n i f i c a n t  coherence nar-  
rowing w a s  observed. The weighted mean of t h e s e  d e t e r m i n a t i o n s  
gives,  f o r  t h e  l i f e t i m e  of  t h e  ( 6 ~ ~ 6 p 8 s ) ~ P ;  s ta te ,  t h e  v a l u e  
T = 1.29(14) x sec , 
where t h e  quoted u n c e r t a i n t y  i s  three s t a n d a r d  d e v i a t i o n s .  
t h e  (6s26p7s)lP; s tate i n  lead .  
3P0 ground s ta te  t o  t h i s  state by 2022i  resonance  l i g h t .  
e f f e c t  r e sonances  w e r e  observed i n  t h e  5 0 0 5 i  cross f l u o r e s c e n c e  
A p r e l i m i n a r y  de t e rmina t ion  w a s  made of  t h e  l i f e t i m e  of  
The energy l e v e l s  of i n t e r e s t  
are shown i n  F i g ,  10. Lead a t o m s  w e r e  e x c i t e d  from t h e  (6s  2 2  6p ) 
Hanle- 
t o  t h e  (6s  2 6p 2 1  ) S o  state. On t h e  basis of  t h e  p r e l i m i n a r y  de- 
t e r m i n a t i o n ,  we  a s s i g n  a va lue  of 
T = 4.7(6) x lo" sec 
2 l o  f o r  t h e  l i f e t i m e  of t h e  (6s  6 ~ 7 s )  P1 s ta te  i n  lead. T h i s  v a l u e  
combined w i t h  our  p rev ious  de t e rmina t ion  of  t h e  l i f e t i m e  of t h e  
(6s26p7s)  3P0 s ta te  a l l o w s  u s  t o  determine t h e  Russel l -Saunders  
c o e f f i c i e n t s  f o r  t h e  mixing of t h e s e  t w o  states i f  w e  assume 
1 
t h a t  t h e  decay of t h e  'P: s t a t e  is s o l e l y  due t o  t h i s  mixing, (8 1 
The p r e l i m i n a r y  v a i u e s  o3tained are l i s t e d  i n  Table V I 1  t o g e t h e r  
TABLE V I 1  
Pre l iminary  R e s u l t s  
Russe l l -Saunders  Coupling C o e f f i c i e n t  U - 
P r e l i m i n a r y  v a l u e  from l i f e t i m e s  0,563 
Value c a l c u l a t e d  from d e v i a t i o n  of energy 
levels from v a l u e s  p r e d i c t e d  by t h e  0.533 
i n t e r v a l  r u l e  
B 
0,826 
- 
0.847 
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w i t h  t h e  v a l u e s  obta ined  from the  d e v i a t i o n  of  t h e  energy l e v e l s  
from t h e  p o s i t i o n s  p r e d i c t e d  by t h e  i n t e r v a l  r u l e .  
A s tudy  has  begun of t h e  p o s s i b i l i t y  of u s i n g  modulated 
l i g h t  i n  d e t e c t i n g  leve l -c ross ing  resonances  i n  p l a c e  of t h e  
modulated magnet ic  f i e l d  used a t  p r e s e n t ,  Modulated l i g h t  has  
t h e  advantages  of showing t h e  a c t u a l  l i n e  shape r a t h e r  t han  i t s  
d e r i v a t i v e  and of n o t  r e q u i r i n g  a series of d i f f e r e n t  modulat ions 
t o  account  f o r  t h e  e f f e c t  of modulation broadening.  It has  t h e  
d i sadvan tage  of provid ing  only  a s i n g l e  peaked Loren tz i an  rather 
t h a n  a double  peaked d i s p e r s i o n  curve  from which t o  de termine  
t h e  wid th  of t h e  l e v e l - c r o s s i n g  e f f e c t  and of be ing  almost a 
f a c t o r  of t w o  broader  than  t h e  d e r i v a t i v e  curve.  
It i s  ve ry  easy  t o  modulate t h e  f low lamp l i g h t  source by 
modula t ing  i t s  r f  exciter. The b e s t  s igna l - to -no i se  r a t i o  w a s  
ob ta ined  when t h e  lamp's r f  w a s  100% modulated. Also, 280-cycle 
modulat ion produces better s igna l - to-noise  r a t i o  t h a n  e i t h e r  
37  cps  or 13 cps  modulat ion.  S tud ie s  of t h e  f e a s i b i l i t y  of t h i s  
method of d e t e c t i n g  l e v e l  c r o s s i n g s  are con t inu ing .  
(1) CRL Q u a r t e r l y  Progress  Repor t ,  June 15,  1965, p. 20. 
(2) W .  Happer and E. B. Saloman, Phys. Rev. Letters IS, 
( 3 )  E. B. Saloman and W. Happer, Bul l .  Am. Phys. Soc. lo, 
(4) F. W .  Byron, Jr., M. N. McDermott, and R.  Novick, 
(5)  A. Omont, J. Phys. Radium 26, 26 (1965).  
(6)  M. T.  Dyakonov and U. T. Perel, S o v i e t  Phys ics  - JETP, 
( 7 )  R.  Novick, B. W ,  Perry,  and E. B. Saloman, B u l l .  Am. 
441, (1965). 
596 (1965).  
Phys. Rev. 134, A615 (1964).  
- 20, 997 (1965).  
phys. SOC. 2, 625 (1964);  E. B. Saloman, B u l l -  Am. Phys. s o c e  10, 
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111, PHYSICS OF MOLECULES 
A, BEAM MASER SPECTROSCOPY* 
(P. C a h i l l ,  L. P. G o l d )  
A mechanical beam modulator has  been i n s t a l l e d  i n  t h e  
beam maser spectrometer between t h e  c r i n k l e d - f o i l  sou rce  and t h e  
e l e c t r o s t a t i c  focus ing  f i e l d .  By u s e  of  phase d e t e c t i o n ,  t h e  de- 
t e c t i o n  s e n s i t i v i t y  of  t h e  spec t rometer  should  be i n c r e a s e d ,  and 
d u r i n g  t h e  n e x t  q u a r t e r  t h e  hype r f ine  spectrum of t h e  303-313 
r o t a t i o n a l  t r a n s i t i o n  i n  NH2D a t  43042 M c  w i l l  be re-examined. 
Force Off ice  of S c i e n t i f i c  Research under G r a n t  AF-AFOSR-330-63, 
and i n  part by t h e  O f f i c e  of Naval Research  under C o n t r a c t  
*This r e s e a r c h  w a s  a l so  suppor ted  i n  par t  by t h e  A i r  
Nom-266 (45) . 
B o  MICROWAVE SPECTROSCOPY* 
(P. C a h i l l ,  L. P. Gold) 
P a r t  I 
A r o t a t i o n a l  t r a n s i t i o n  has  been observed i n  CsOH i n  a 
molecular  beam electr ic  resonance  experiment  a t  Harvard Univer- 
si ty ' ' )  and subsequent ly  a t  Columbia. F u r t h e r  a t tempts  t o  ob- 
serve t h i s  spectrum i n  our a b s o r p t i o n  spectrometer w e r e  unsuc- 
c e s s f u l .  The o r i g i n a l  high-temperature  m i c r o w a v e  c e l l  i s  b e i n g  
re-assembled, and another  s e a r c h  for t h e  microwave spectrum of 
CsOH w i l l  be made. 
P a r t  I1 
During t h i s  q u a r t e r  t h e  ground s ta te  and one of t h e  f irst  
e x c i t e d  v i b r a t i o n a l  s tates of CD30CHCH have been a s s igned .  The 2 
34 
observed ro t a t iona l  c o n s t a n t s  agree  ve ry  w e l l  w i t h  t h e  ones cal- 
c u l a t e d  f r o m  t h e  s t r u c t u r e  used  t o  g i v e  t h e  best f i t  f o r  t h e  
normal - cis  s p e c i e s .  
For t h e  normal c i s  species o f  CH30CHCH no s p l i t t i n g s  2 '  -
w e r e  observed i n  t h e  a s s igned  s p e c t r a l  l i n e s ,  t h u s  g i v i n g  a low- 
er l i m i t  t o  t h e  barrier t o  i n t e r n a l  r o t a t i o n  of  t h e  methyl  group 
of about  2000 cal/mole. Three s e t s  of v i b r a t i o n a l l y  e x c i t e d  
s ta tes  of t h e  normal s p e c i e s  have been i d e n t i f i e d  and a s s i g n e d  
r o t a t i o n a l  c o n s t a n t s .  Table VI11 summarizes t h e  data ob ta ined  
on a l l  t h e  e x c i t e d  states.  The t h r e e  low-frequency v i b r a t i o n s  
TABLE VI11 
R o t a t i o n a l  Cons tan t s  (Mc/sec) for Ground and Exc i t ed  V i b r a t i o n a l  
States of c is  Methyl Vinyl  E the r .  -
CH OCHCH2 3 
A B 
18225.06 6388 -87 
18222.55 6359.41 
18301.52 6331 -44 
18391.85 6361.68 
A-C 
13356. 0 
13522.0 
13 519.2 
IIA I1 
IIE I1 
CD OCHCH2 3 
A B 
15833.39 5697,45 
1586 0.40 5662.93 
C 
4875.95 
4868.95 
4861.80 
4850.46 
n 
-0.7803 
-0.7897 
-0.7897 
C 
442 5 , 15 
4410.48 
n 
-0.7733 
-0.7768 
-0.7813 
-0.7768 
n 
-0.7770 
-0,7812 
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found from t h i s  microwave w o r k  have been d e s i g n a t e d  ~ 2 3 ,  v24, 
and VI6 on t h e  assumption t h a t  t h e y  r e p r e s e n t ,  r e s p e c t i v e l y ,  t h e  
t w o  l o w e s t  out-of-plane v i b r a t i o n s  and t h e  l o w e s t  in -p lane  v i b r a -  
t i o n  of t h e  molecule.  
t h a t  t h e  microwave l i n e s  cor responding  t o  v = 1 ( V  ) w e r e  broad- 
C a r e f u l  s t u d i e s  a t  l o w  p r e s s u r e s  showed 
23 
er t h a n  t h e  o t h e r s ,  and f o r  t w o  t r a n s i t i o n s  (725 - 716 and 
- 8 1 7 )  t h e  l i n e s  w e r e  i n  f a c t  r e s o l v e d  i n t o  doub le t s .  826 
t h e  ~ 2 3  v i b r a t i o n  cor responds  t o  t h e  t o r s i o n a l  motion of t h e  
methyl top .  Microwave l i n e s  have a l s o  been a s s i g n e d  t o  t h e  
v = 2 ( v ~ ~ ) ,  v = 2 ( v 1 6 ) ,  and v = 2 ( ~ 2 3 )  states, and a l though  
no s p l i t t i n g s  w e r e  found i n  t h e  f i r s t  two, t h e  l i n e s  of v = 2 
( v ~ ~ )  occurred as A and E d o u b l e t s  s e p a r a t e d  by a few megacycles. 
Table IX shows t h e  v a l u e s  computed f o r  t h e  barrier t o  i n t e r n a l  
r o t a t i o n  of t h e  methyl t o p  from d a t a  o b t a i n e d  from d i f f e r e n t  
sources .  The m o s t  a c c u r a t e  v a l u e ,  which i s  t a k e n  from t h e  s p l i t -  
t i n g  of t h e  A and E l e v e l s  of t h e  v = 2 s ta te ,  i s  u n u s u a l l y  h igh ,  
3820 f 100 cal/mole, A p o s s i b l y  impor t an t  c o n t r i b u t i o n  t o  t h i s  
barrier comes from steric i n t e r a c t i o n  of  t h e  methyl  group w i t h  
t h e  v i n y l  hydrogen a t o m s , ,  The minimum H-H d i s t a n c e  i n  t h e  Cis 
conformation of t h e  s t r u c t u r e  as proposed i n  F ig .  11 i s  about  1.6i.  
Thus 
TABLE IX 
B a r r i e r  t o  I n t e r n a l  R o t a t i o n  i n  c i s  Methyl V iny l  E t h e r o  -
From Av o f  v = 2 
From A V  of  v = 1 
From Raman Line a t  240 f 1 0  c m  
V3 = 3830 f 100 cal/mole 
= 3750 f 100 cal/mole 
= 3930 f 350 cal/mole 
v3 
v3 
-1 
From R e l a t i v e  I n t e n s i t y  of 
Microwave Lines 
H 
F i n a l  Value \ 
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V = 3430 f 450 cal /mole 
= 3830 f 100 cal/mole 
3 
v3 
I 
4 
\- I 
I 
e 
k 
a, 
A 
4 
a, 
rl 
5l 
d 
-ri 
3 
4 
3r c 
4 
a, 
E 
.:I u 
ICI 
0 
a, 
k 
7 
4 u 
7 
k 
4 
m 
a, 
4J 
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TABLE X 
Low-Frequency V i b r a t i o n s  of Cis Methyl V iny l  Ether  
Microwave Spec t r a  219 f 20  225 f 10 310 f 20  
( r e l a t i v e  i n t e n s i t y )  
I Far  I n f r a r e d  S p e c t r a  
, (Vapor 1 
Raman Spectra 
( s o l u t i o n )  
205 f 1 5  
230 (broad)*  
240 f 10 
Probable Assignment 
328 f J 
327 f 2 
t o r s i o n  about  C-0  bond 
v24 
t o r s i o n  about  CH group 
in-p lane  s k e l e t a l  bending  of C-0-C group 
'23 3 
'16 
*Evident s t r u c t u r e  showing t w o  possible bond c e n t e r s  a t  
228 and 216 cm-'. 
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T h i s  i s  c o n s i d e r a b l y  less t h a n  t h e  sum of t h e  van d e r  Waals r a d i i  
f o r  t h e  t w o  hydrogen atoms ( 2 . 4 i ) .  
m a t e ,  w i t h  a methyl t o p  barrier of 1190 cal/mole, t h e  ana logous  
0-H d i s t a n c e  of n e a r e s t  approach i s  2 .15i ,  w h i l e  t h e  sum of t h e  
van d e r  Waals r a d i i  concerned i s  2 .6 i .  I n  t h i s  i n s t a n c e ,  however, 
t h e  i n t e r a c t i o n  is a t t rac t ive  as compared w i t h  r e p u l s i v e  f o r  
methyl  v i n y l  e t h e r .  
For t h e  molecule  methyl  f o r -  
I n  Table X t h e  v a l u e s  f o r  t h e  v i b r a t i o n a l  f r e q u e n c i e s  are 
l i s ted  as determined from d i f f e r e n t  sou rces .  Raman and f a r  i n -  
f r a r e d  spectra w e r e  t a k e n  i n  order  t o  confirm t h e  microwave d a t a ,  
and t h e i r  r e s u l t s  agree q u i t e  w e l l .  The f a r  i n f r a r e d  spectrum 
of t h e  vapor w a s  t aken  a t  P r ince ton  U n i v e r s i t y  on a Beckman spec- 
t r o g r a p h  through t h e  c o u r t e s y  of P r o f e s s o r  George Leroi. 
Proqram fo r  t h e  nex t  i n t e r v a l :  A s e a r c h  i n  t h e  35- t o  
50-Gc spectral r e g i o n  w i l l  be made on t h e  d e u t e r a t e d  species w i t h  
t h e  hope of observ ing  t h e  second r o t a t i o n a l  isomer. The above 
w o r k  w i l l  be p repa red  for  p u b l i c a t i o n .  
*This r e s e a r c h  w a s  also supported i n  p a r t  by t h e  A i r  Force 
O f f i c e  of S c i e n t i f i c  Research  under Grant  AF-AFOSR-330-63, and i n  
part  by t h e  O f f i c e  of Naval Research under C o n t r a c t  Nonr-266(45). 
(1) W. Klemperer, p r i v a t e  communication. 
C . SCATTERING OF VELOCITY SELECTED MOLECULAR BEAMS* 
(P. C a h i l l ,  M. H e s s e l ,  P. Kusch, and S. Skwire) 
The molecular  b e a m  v e l o c i t y  selector h a s  been r econd i -  
t i o n e d .  Measurements w i l l  be made of t h e  a b s o l u t e  s c a t t e r i n g  
cross s e c t i o n  of K on A r  and of K C 1  on Ar and N2. 
a t e d  McLeod gauge (l) w i l l  be used as t h e  pr imary  s t a n d a r d  f o r  
c a l i b r a t i o n  of t h e  i o n  gauge. 
A r e f r i g e r -  
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* T h i s  r e s e a r c h  w a s  a l so  suppor ted  i n  par t  by t h e  A i r  
Force O f f i c e  of S c i e n t i f i c  Research under Grant  AF-AFOSR-330-63, 
and i n  part  by t h e  O f f i c e  of Naval Research under C o n t r a c t  
Nonr-266 (45).  
(1) E. W ,  Rothe,  J. V a c .  SOC. A, 66 (1964).  
D, MAGNETIC ROTATION SPECTRA" 
(P. Kusch, B. P a l a t n i c k )  
A magnetic r o t a t i o n  spectrum of CS2 h a s  been p r e v i o u s l y  
observed i n  t h e  spectral r e g i o n  3640-3125i. 
spectrum has been extended t o  abou t  29301 on t h e  low-wavelength 
side of t h e  spectrum and t o  about  3775i  on t h e  high-wavelength 
side. I n  a d d i t i o n ,  new spectral l i n e s  have been found i n  t h e  
p r e v i o u s l y  s t u d i e d  r eg ion .  
Recen t ly  t h e  
The new l i n e s  a t  h igh  wavelengths  w e r e  b rough t  o u t  by i n -  
c r e a s i n g  t h e  sample p r e s s u r e  t o  2 8  c m  of H g ,  which i s  t h e  vapor 
p r e s s u r e  of CS a t  room tempera ture .  T h i s  i s  rough ly  1 0  t i m e s  
t h e  p r e s s u r e s  p r e v i o u s l y  employed i n  t h e  experiment .  A t  such 
h igh  pressures, t h e  l i n e s  a t  l o w e r  wavelengths  t e n d  t o  disappear 
because  of abso rp t ion .  
2 
Recent exposures  have been made on Kodak 103a-0 photo- 
g r a p h i c  p l a t e s .  Work is  i n  p r o g r e s s  on t h e  r e d u c t i o n  and analy- 
sis  of d a t a ,  
Proqram for t h e  n e x t  i n t e r v a l :  Work w i l l  c o n t i n u e  on t h e  
r e d u c t i o n  and a n a l y s i s  of data .  
*This r e s e a r c h  w a s  a lso suppor t ed  i n  par t  b y  t h e  A i r  Force  
O f f i c e  of S c i e n t i f i c  Research under G r a n t  AF-AFOSR-330-63, and i n  
part  by t h e  O f f i c e  of Naval Research under  C o n t r a c t  Nonr-266 (45) .  
(1) P. Kusch and F. W. L o o m i s ,  Phys. R e v .  55, 850 (1939).  
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E. MOLECULAR SPECTRA OF CESIUM* 
(M. H e s s e l ,  P. Kusch) 
I n  t h e  1930 ' s  Kusch and Loomis(l) i n v e s t i g a - e d  t h e  absorp- 
t i o n  spectrum of molecular  cesium, C s 2 .  
of f i v e  d i s t i n c t  band systems whose maxima occur red  a t  4800i ,  
6250i ,  7200i,  7667i ,  and 8950i.  A r easonab ly  complete  v i b r a t i o n -  
a l  a n a l y s i s  of t h e  76671 system w a s  g iven ,  b u t  s e v e r a l  of t h e  
o t h e r  systems have been only  p a r t i a l l y  ana lyzed .  
t e m  ex tends  t o  v e r y  h igh  v i b r a t i o n a l  quantum numbers v" and v '  
of 50 t o  65, where v"  i s  t h e  v i b r a t i o n a l  quantum number of t h e  
ground s ta te  and v' t h a t  o f  t h e  e x c i t e d  e l e c t r o n i c  s ta te .  A re- 
a n a l y s i s  of t h e  e x i s t i n g  d a t a  for  t h e  7667i system, n o t  a l l  of 
which had e n t e r e d  i n t o  t h e  e a r l i e r  ass ignment ,  i n d i c a t e s  t h a t  
t h e r e  are a lmost  c e r t a i n l y  p e r t u r b a t i o n s  of t h e  v i b r a t i o n a l  
states of  t h e  e x c i t e d  e l e c t r o n i c  s ta te .  To proceed any f u r t h e r  
on t h i s  problem, spectrographic p l a t e s  of t h e  a b s o r p t i o n  s p e c t r a  
of molecular  cesium a t  h igh  r e s o l u t i o n  and h igh  d i s p e r s i o n  must 
be ob ta ined .  
Measurements w e r e  m a d e  
The 7667i  sys-  
A program t o  supply  t h e  needed s p e c t r o g r a p h i c  d a t a  f o r  
C s 2  h a s  been undertaken.  F igure  12  is a diagram of t h e  e x p e r i -  
men ta l  arrangement.  A 90-cm-long 7.5-cm-diameter glass absorp- 
t i o n  t u b e  (B) w a s  baked o u t  t o  4 O O O C  and f i l l e d  a t  a p r e s s u r e  of  
5 x lom8 Torr w i t h  approximately one gram of 99.9% pure  cesium. 
The a b s o r p t i o n  t u b e  w a s  p l aced  i n s i d e  a brass oven (C) and h e a t e d  
t o  t e m p e r a t u r e s  between room tempera ture  and 450°C by means of a 
N i c h r o m e  c o i l  (E)  t h a t  w a s  wound around t h e  whole l e n g t h  of t h e  
brass oven. There w e r e  closer windings near  t h e  ends  a t  t h e  
aluminum cap t o  keep  t h e  window h o t t e r  t h a n  t h e  rest of t h e  ce l l  
and t h e r e f o r e  free of condensed cesium. P r e l i m i n a r y  exper iments  
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f r  1’ 1 
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A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
Tungsten-Iodine L igh t  Source  
7052 G l a s s  Absorpt ion C e l l  
B r a s s  Tube Oven 
Aluminum End Cap 
Nichrome Heat ing  W i r e  
Thermocouple W e l l  
Lens 
F i l t e r  
Concave G r a t i n g  
Photographic  P l a t e  
F ig .  12  Schematic diagram of a p p a r a t u s .  
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w e r e  m a d e  w i t h  Pyrex a b s o r p t i o n  tubes .  The cesium r a p i d l y  re- 
acted w i t h  t h e  g l a s s  a t  temperatures above 3OO0C, and t h e  c e l l  
l a s t e d  f o r  o n l y  1 t o  2 hours .  7052 Corning glass w a s  found t o  
be s a t i s f a c t o r y  a t  t empera tu res  below 40OoC. The ce l l s  las ted 
fo r  100 hours.  P re l imina ry  d a t a  have been t a k e n  on a l o w  dis- 
p e r s i o n  5.5 i/mm 3-meter B a k d  concave-grat ing spec t rog raph ,  
All t h e  band systems mentioned above w e r e  observed, and i n  addi -  
t i o n  it w a s  found t h a t  t h e  8950 i  band system ex tends  t o  a t  least  
11 ,500 i .  
The band spectra of C s 2  a r e  i n t e r e s t i n g  because  of t h e  
v e r y  l a r g e  number o f  v i b r a t i o n a l  states t h a t  appear, and a v e r y  
h igh  r e s o l u t i o n  spec t rog raph  i s  r e q u i r e d  t o  resolve v i b r a t i o n a l  
s t r u c t u r e .  N o  s p e c t r o g r a p h i c  equipment w i t h  s u i t a b l y  h igh  reso- 
l u t i o n  and h igh  d i s p e r s i o n  w a s  a v a i l a b l e  a t  Columbia U n i v e r s i t y  
or i t s  env i rons .  
Argonne N a t i o n a l  Labora tory  h a s  k i n d l y  p e r m i t t e d  u s  t o  u s e  t h e  
Argonne 30-foot concave-grat ing spec t rograph .  (2)  It has  a reso- 
l u t i o n  of about  90,000 and a d i s p e r s i o n  of 1.8 w/mm i n  t h e  f i r s t  
o r d e r .  
three orders a t  a r ange  of exper imenta l  c o n d i t i o n s  from 24OC t o  
45OoC and exposure t i m e  t o  develop t h e  maximum possible i n f o r -  
mat ion  m 
D r  , Mark Fred  of t h e  Chemistry D i v i s i o n  of 
W e  have photographed t h e  a b s o r p t i o n  s p e c t r a  of C s 2  i n  
Proqram f o r  t h e  n e x t  i n t e r v a l :  To de te rmine  t h e  wave-  
l e n g t h  of t h e  spectra and obtain microphotometer traces. Addi- 
t i o n a l  exposures  w i l l  p robably  have t o  be t a k e n  as t h e  a n a l y s i s  
of t h e  s p e c t r a  p roceedsm 
*This r e s e a r c h  w a s  a lso supported i n  part  by t h e  A i r  Force  
O f f i c e  of S c i e n t i f i c  Research under Grant  AF-AFOSR-330-63, and i n  
par t  by t h e  O f f i c e  of Naval Research under C o n t r a c t  Nonr-266(45). 
(1) F. W. Loomis and P. Kusch, Phys. Rev. 46, 292 (1934) .  
( 2 )  F. S. Tomkins and M. F red ,  Spectrochim. A c t a .  5, 139 
(1954) . 
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IV, SOLID STATE PHYSICS 
A. INTERACTION BETWEEN A NEUTRAL BEAM AND A CONDUCTING SURFACE* 
(P. Kusch, D. Raskin)  
The expe r imen ta l  problem i n  t h i s  r e s e a r c h  i s  t o  measure 
t h e  r a t i o  of t h e  i n t e n s i t y  of a s h a r p l y  d e f i n e d  molecular  beam 
i n  t h e  geomet r i ca l  shadow of an  obstacle i n  t h e  beam t o  t h e  i n -  
t e n s i t y  of t h e  beam o u t s i d e  of t h e  shadow, The d a t a  are t o  be 
i n t e r p r e t e d  as i n d i c a t i v e  of t h e  i n t e r a c t i o n  of t h e  electric d i -  
p o l e  m o m e n t  o f  a molecule wi th  i t s  image i n  t h e  obstacle. A 
number o f  e f f e c t s  t h a t  g i v e  r ise t o  an  i n t e n s i t y  i n  t h e  shadow 
can occur ,  and it i s  e s s e n t i a l  t o  i d e n t i f y  and exc lude  such 
e f f e c t s .  
I n  t h e  p rev ious  r e p o r t  it w a s  s t a t e d  t h a t  measured rela- 
t i v e  beam i n t e n s i t i e s  a s  d e f i n e d  above w e r e  f o u r  t i m e s  as h igh  
as t h e  t h e o r e t i c a l  p r e d i c t i o n ,  I n  a d d i t i o n ,  t h e  i n t e n s i t i e s  de- 
c r e a s e d  as t h e  p r e s s u r e  i n  t h e  vacuum chamber decreased .  A p lo t  
of t h e  logar i thm of r e l a t i v e  i n t e n s i t y  v s  p r e s s u r e  w a s  l i n e a r  
f o r  each p o i n t  i n  t h e  shadow of t h e  obstacle, and t h e  d a t a  cou ld  
be e x t r a p o l a t e d  t o  z e r o  p r e s s u r e .  The e x t r a p o l a t e d  i n t e n s i t i e s  
w e r e  about  t w i c e  a s  h igh  as expec ted  on t h e  basis of a p r e l i m i -  
na ry  model of t h e  i n t e r a c t i o n  p rocess .  
An a t tempt  w a s  made t o  de te rmine  what e f f e c t  h e a t i n g  t h e  
conduct ing  s u r f a c e  had on t h e  beam p ro f i l e  i n  t h e  shadow. While 
beam i n t e n s i t i e s  w e r e  measured, t h e  s u r f a c e  w a s  hea t ed  modera te ly  
( t o  20OOC). 
W i t h  t h e  s u r f a c e  h o t ,  t h e  i n t e n s i t i e s  no  longer  showed a 
p r e s s u r e  dependence. I n  a d d i t i o n ,  t h e  re la t ive  i n t e n s i t i e s  
decreased t o  w i t h i n  20% of t h e  t h e o r e t i c a l  e x p e c t a t i o n .  The 
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p h y s i c a l  mechanism for  t h e  tempera ture  and p r e s s u r e  dependence 
i s  s t i l l  unexplained.  It is  d i f f i c u l t  t o  i n t e r p r e t  t h e  r e s u l t  
as  a s c a t t e r i n g  p r o c e s s  i n  t h e  r e s i d u a l  gas i n  t h e  a p p a r a t u s .  
The t w o  bod ies  of d a t a  are c l e a r l y  n o t  c o n s i s t e n t .  
S ince  t h e  p r e s s u r e  dependence does n o t  appear t o  be pres- 
e n t  when t h e  s u r f a c e  i s  h e a t e d ,  and s i n c e  it appea r s  t o  be f e a s -  
ib le  t o  e x t r a p o l a t e  t o  z e r o  p r e s s u r e  i f  a p r e s s u r e  e f f e c t  o c c u r s ,  
it does  n o t  s e e m  worthwhile  a t  p r e s e n t  t o  make t h e  large i n v e s t -  
ment i n  an u l t r a h i g h  vacuum system t h a t  had p r e v i o u s l y  been con- 
templa ted .  It may s t i l l  be necessary  t o  b u i l d  a new vacuum sys-  
t e m ,  b u t  t h i s  s t e p  w i l l  n o t  be  taken  u n t i l  t h e  e f f e c t  of p r e s s u r e  
has  been s t u d i e d  f u r t h e r .  
The measured beam p r o f i l e  i s  now i n  f a i r l y  close agree- 
ment w i t h  t h e  t heo ry .  There i s  no s i g n i f i c a n t  doubt  t h a t  t h e  
e f f e c t  i n  q u e s t i o n ,  never  b e f o r e  observed ,  has  i n  f a c t  now been 
observed.  However, t h e  " d i s c o n t i n u i t y "  i n  t h e  b e a m  p r o f i l e  a t  
t h e  beginning  of t h e  geomet r i ca l  shadow i s  n o t  as  s h a r p  as it 
should  be accord ing  t o  s i m p l e  c a l c u l a t i o n s .  T h i s  probably  i n -  
dicates t h a t  t h e  t w o  l o p  slits, one t o  d e f i n e  t h e  b e a m  and t h e  
o t h e r  t o  select a p o r t i o n  of t h e  f i n a l  beam f o r  d e t e c t i o n ,  and 
t h e  edge of  t h e  conduct ing  c y l i n d e r  are n o t  a l i g n e d  p e r f e c t l y  
paral le l  t o  each o t h e r .  The a b i l i t y  t o  locate t h e  edge of t h e  
shadow p r e c i s e l y  i s  impor tan t  t o  t h e  experiment;  t h e r e f o r e ,  t h e  
a l ignment  w i l l  have t o  be improved. 
Proqram for  t h e  n e x t  i n t e r v a l :  All t h e  components t h a t  
d e f i n e  t h e  beam ( s l i t s ,  c y l i n d e r ,  and d e t e c t i o n  u n i t )  w i l l  be 
mounted on a r i g i d  bench t h a t  can be removed as a u n i t  from t h e  
vacuum system. The al ignment  of t h e s e  pieces w i l l  be done w i t h  
t h e  bench o u t s i d e  t h e  system. This  w i l l  a l l o w  f o r  greater ease 
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and accuracy i n  making t h e  ad jus tments ,  
vised for a t t a c h i n g  s t r a igh t - edged  s e c t i o n s  t o  t h e  s l i t s  and 
c y l i n d e r  i n  such a way t h a t  t h e  s t r a i g h t - e d g e  i s  a c c u r a t e l y  
para l le l  t o  t h e  piece i n  ques t ion .  T h i s  w i l l  ex tend  t h e  effec- 
t i v e  he ight  o f  t h e  piece t o  make al ignment  w i t h  a t e l e s c o p e  
c ross -ha i r  more a c c u r a t e .  
A method has  been de- 
The components f o r  t h e  bench have been des igned  and w i l l  
be c o n s t r u c t e d  s h o r t l y .  Once t h e  bench i s  assembled and tested 
and t h e  p a r t s  are a l i g n e d ,  t h e  behavior  of  t h e  b e a m  p ro f i l e  w i t h  
tempera ture  and p r e s s u r e  v a r i a t i o n  w i l l  be s t u d i e d ,  
The fo l lowing  experiments  w i l l  t h e n  be performed: (1) To 
de termine  t h e  dependence of t h e  beam p r o f i l e  on t h e  c y l i n d e r  
r a d i u s ;  (2)  To observe  t h e  d i f f e r e n c e  i n  b e a m  p r o f i l e  when a d i -  
e lectr ic  c y l i n d e r  i s  p u t  i n  place of t h e  conduct ing  s u r f a c e ;  
(3) To a s c e r t a i n  t h e  e x t e n t  by which a n  atomic beam i s  d e f l e c t e d  
by t h e  su r face .  
O f f i c e  (Durham) under Grant  DA-ARO(D) -31-124-G568. 
*This r e s e a r c h  w a s  a l so  suppor t ed  by  t h e  Army Research 
B,  ADIABATIC DEMAGNETIZATION I N  THE ROTATING FRAME* 
(H. Einbinder ,  S. R.  Hartmann) 
The receiver f o r  n u c l e a r  s i g n a l s  mentioned i n  t h e  l a s t  
Q u a r t e r l y  Progress Report w a s  completed. A series of  experi- 
ments w e r e  performed t o  de termine  t h e  effects  of i r r a d i a t i n g  t h e  
F1’ s p i n  system i n  CaF2 w i t h  a rad io- f requency  magnet ic  f i e l d  of 
magnitude comparable w i t h  t h e  f i e l d  due t o  ne ighbor ing  n u c l e i  i n  
t h e  spec imen .  The s p i n  system w a s  adiabat ical ly  demagnetized i n  
t h e  r o t a t i n g  frame b e f o r e  i r r a d i a t i o n .  A c o n s i d e r a b l e  amount of 
data w a s  t aken  and i s  now be ing  p rocessed ,  
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Proqram f o r  t h e  nex t  i n t e r v a l :  A n a l y s i s  of t h e  d a t a  ob- 
t a i n e d  t h i s  q u a r t e r  w i l l  be completed,  and a t h e o r e t i c a l  explan-  
a t i o n  of t h e  e f f e c t s  observed w i l l  be a t tempted .  
*This r e s e a r c h  w a s  a l so  supported by t h e  N a t i o n a l  Sc ience  
Foundation under Grant  NSF-GP 3379. 
(1) CRL Q u a r t e r l y  Progress  Report, June  15, 1965, p. 31. 
C 0 HIGH-FREQUENCY PROPERTIES OF SUPERCONDUCTORS* 
( S .  Zemon) 
A paper d e s c r i b i n g  t h e  r e s e a r c h  on z i n c  has  been p repa red  
f o r  p u b l i c a t i o n .  
Due t o  a change i n  p e r s o n n e l ,  t h i s  program w i l l  be tempo- 
r a r i l y  suspended. 
Sc ience  Foundation under G r a n t s  NSF-GP 1031 and NSF-GP 4324 and 
i n  par t  by t h e  O f f i c e  of Naval Research under C o n t r a c t  Nonr- 
3994(00) 
*This r e s e a r c h  w a s  also supported i n  p a r t  by t h e  N a t i o n a l  
D. ELECTRONIC TUNNELING I N  THE SUPERCONDUCTING STATE* 
(S. Zemon) 
Work proceeded on t h i s  p r o j e c t  for o n l y  one month i n  t h i s  
q u a r t e r .  During t h a t  t i m e  s e v e r a l  j u n c t i o n s  of  aluminum-aluminum, 
zinc-aluminum, and cadmium-aluminum w e r e  t e s t e d ,  and a l l  w e r e  un- 
s a t i s f a c t o r y .  Curren t -vol tage  curves  c h a r a c t e r i s t i c  of high- 
r e s i s t a n c e  s h o r t s  between t h e  f i l m s  w e r e  observed.  The t r o u b l e  
is probably  due t o  t h e  presence  of p i n  h o l e s  i n  t h e  aluminum 
oxide l a y e r .  T h i s  d i f f i c u l t y  cannot be r e l i a b l y  overcome wi th -  
o u t  having  m o r e  c o n t r o l  over t h e  evapora t ion  procedure  t h a n  i s  
now available. 
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The fo l lowing  improvements w e r e  made. Adhesion of z i n c  
and cadmium f i l m s  t o  t h e  s u b s t r a t e  was i n c r e a s e d  by d e p o s i t i n g  an 
aluminum under l a y e r  f irst  . An arrangement w a s  c o n t r i v e d  f o r  
b r i n g i n g  t h e  f i l m s  o u t s i d e  t h e  microwave c a v i t y  and f o r  e s t a b l i s h -  
i n g  e lectr ical  c o n t a c t  w i t h  copper electrodes g lued  t o  t h e  sub- 
s t ra te .  
Due t o  a change i n  pe r sonne l ,  t h i s  program w i l l  be t e m -  
p o r a r i l y  suspended. 
Sc ience  Foundation under Gran t s  NSF-GP 1031 and NSF-GP 4324 and 
i n  par t  by t h e  O f f i c e  of Naval Research under C o n t r a c t  Nonr- 
3994 (00)  . 
* T h i s  r e s e a r c h  w a s  a l so  suppor ted  i n  p a r t  by t h e  N a t i o n a l  
~ ~ ~~ 
E. NUCLEAR MAGNETIC RESONANCE I N  PLATINUM* 
(So R.  Hartmann, G. R.  Ma the r )  
E f f o r t s  t o  f i n d  t h e  p la t inum resonance  i n  t h e  f i n e  (-5OL 
dimension) p a r t i c l e s  have been  u n s u c c e s s f u l  t o  date. 
Af t e r  p r e p a r i n g  a sample of 0.1 gram o f  10-p p la t inum 
particles mixed i n  2 grams of su lphur  and obse rv ing  a s i g n a l - t o -  
n o i s e  r a t i o  of about  t h r e e  a t  t h e  r e c e i v e r  v i d e o  o u t p u t ,  
ano the r  sample, a l so  similar t o  t h e  50k  par t i c l e  sample, w a s  
p repa red  as fol lows:  0.1 gram of t h e  10-p part ic les  w a s  t h o r -  
oughly mixed w i t h  2 grams of t h e  f i n e  p a r t i c l e  sample (5% P t  on 
c a r b o n ) ;  t h i s  mix ture  w a s  t h e n  p l aced  i n  a c o n t a i n e r  and c o i l  
s i m i l a r  t o  t h o s e  used p r e v i o u s l y .  Again,  a d e f i n i t e  p la t inum 
resonance  was observed a t  a t empera tu re  of 1.5'K, t h e r e b y  i n d i -  
c a t i n g  t h a t  t h e  carbon on which t h e  f i n e  p a r t i c l e s  are d e p o s i t e d  
does no t  s h o r t  o u t  t h e  r f  p u l s e s  and s i g n a l ,  
(1) 
It was found t h a t  a n o t h e r  k i n d  of f i n e  par t ic le  Sample i s  
r e a d i l y  a v a i l a b l e  commercially.  T h i s  i s  p la t inum b l a c k ,  and it 
c o n s i s t s  of p la t inum i n  c r y s t a l l i t e  s i z e s  of abou t  1 O O i ;  because  
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of agglomerat ion of t h e s e  c r y s t a l s  due t o  e lec t ros ta t ic  attrac- 
t i o n ,  however, t h e  par t ic le  sizes are a t  best u n c e r t a i n .  A 
sample c o n s i s t i n g  of 2 ,5  grams of p la t inum black mixed i n  vase- 
l i n e  w a s  p repa red  and t h e  resonance sought  a t  t empera tu res  of 
1.5'K and 4.2'K; a g a i n ,  no resonance w a s  found. 
The fact  t h a t  abundance of p la t inum p r e s e n t s  no s i g n a l - t o -  
n o i s e  problems i n  t h e  p la t inum black i n d i c a t e s  t h a t  there  must 
be other r e a s o n s  for  t h e  absence of  t h e  resonance .  C h a r l e s  and 
H a r r i s o n  (2)  n o t e  t h a t  e x t e n s i v e  inhomogenious broadening of t h e  
resonance  l i n e  can occur  i n  p a r t i c l e s  wh ich  are f i n e  enough for  
s u r f a c e  effects t o  p l a y  an  important  ro le .  Undoubtedly, t h i s  
broadening i s  p r e s e n t  i n  ou r  plat inum sample, and it i s  possible 
t h a t  it may i n  some way  be p reven t ing  o b s e r v a t i o n  of t h e  reso- 
nance. 
Proqram for t h e  n e x t  i n t e r v a l :  W e  s h a l l  c o n t i n u e  t o  look 
for t h e  resonance  i n  t h e  plat inum black sample. Should a l l  a t -  
tempts f a i l ,  we  w i l l  p rocure  plat inum samples i n  par t ic le  s i z e s  
between 1001 and l o p ,  where  t h e  resonance  has a l r e a d y  been ob- 
served. 
* T h i s  r e s e a r c h  w a s  a lso suppor ted  by t h e  N a t i o n a l  Sc ience  
Foundat ion under  Grant  NSF-GP 3379. 
(1) CRL Q u a r t e r l y  Progress  Report ,  June 15 ,  1965, p. 33. 
(2) R.  J. C h a r l e s  and W. A. Ha r r i son ,  Phys. Rev. Letters 
- 11, 75 (1963). 
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V, OPTICAL AND MICROWAVE MASERS 
A. INFRARED AND OPTICAL MASERS 
1. O p t i c a l  Maser Spectroscopy 
a ,  L igh t -Sca t t e r ing  Homodyne Spectroscopy* 
(S. S. A l p e r t ,  D. A. B a l z a r i n i ,  L. S e i g e l ,  L. R .  Wilcox, 
and Y. Yeh) 
In t roduc t ion .  The work undertaken d u r i n g  t h i s  q u a r t e r  w a s  
concerned p r i m a r i l y  w i t h  a s y s t e m a t i c  s t u d y  of t h e  scattered 
l i g h t  spectrum of carbon d i o x i d e  main ta ined  nea r  t h e  c r i t i c a l  
p o i n t .  A H e - N e  l a s e r  homodyne spec t romete r  as d e s c r i b e d  i n  pre-  
v i o u s  Q u a r t e r l y  Progress Repor t s  and i n  t h e  l i t e r a t u r e  (1,2,3) 
w a s  used  t o  observe  t h e  s p e c t r a l  p r o f i l e  of t h e  scattered l i g h t  
as a func t ion  of bo th  s c a t t e r i n g  a n g l e  and  t empera tu re .  F u r t h e r  
exper imenta t ion  has  s u c c e s s f u l l y  shown t h e  f e a s i b i l i t y  of modi- 
f y i n g  t h e  o p t i c a l  system of t h e  laser homodyne spectrometer so 
as t o  o b v i a t e  i n a c c u r a c i e s  i n  de te rmining  t h e  a n g l e  of scatter.  
Th i s  p o i n t  w i l l  be f u r t h e r  d i s c u s s e d  i n  t h i s  report. 
[ 11 Carbon Dioxide S c a t t e r i n q  Observa t ions .  Observa- 
t i o n  w a s  made of t h e  c e n t r a l  u n s h i f t e d  l i n e  of  t h e  s c a t t e r e d  
l i g h t  spectrum of carbon d iox ide .  T h i s  w a s  done u s i n g  t h e  He-Ne 
laser homodyne spectrometer developed by Cummins, Knable, and 
Yeh. ( 3  1 
The s p e c t r a l  d i s t r i b u t i o n  of t h e  l i g h t  s c a t t e r e d  by t h e  
carbon d iox ide  near  i t s  c r i t i c a l  p o i n t  w a s  found t o  be s t r o n g l y  
tempera ture  s e n s i t i v e .  The  observed p ro f i l e s  w e r e  approximate ly  
Loren tz i an  i n  shape,and t h e  ha l f -wid th  w a s  observed  t o  vary  l i n -  
e a r l y  w i t h  t empera ture  i n  t h e  neighborhood of t h e  c r i t i c a l  t e m p -  
e r a t u r e  (Fig. 13). The s l o p e  of t h e  t e m p e r a t u r e  p l o t  i s  4.6 f 
1.0 kc/sec/'C and t h e  i n t e r c e p t  i s  92 cps. 
about  s i x  t i m e s  t h e  i n s t r u m e n t a l  r e s o l u t i o n  (15 c p s ) .  
The i n t e r c e p t  i s  
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The spectrum of t h e  s c a t t e r e d  l i g h t  w a s  s t u d i e d  over a 
r ange  of s c a t t e r i n g  a n g l e s  ( 0 )  a t  a f i x e d  t empera tu re  (Fig.  14). 
The width  of t h e  Loren tz i an  p r o f i l e  v a r i e d  l i n e a r l y  w i t h  
s i n 2 ( 0 / 2 ) .  The i n t e r c e p t  of t h e  angu la r  p l o t ,  (F ig .  14), i s  
about  40 cps and i s  b e l i e v e d  t o  r e s u l t  from t h e  f i n i t e  r e s o l u -  
t i o n  of t h e  spec t rometer  (15 c p s ) ,  from t h e  f i n i t e  angu la r  ape r -  
t u r e  of t h e  o p t i c a l  system, and from s m a l l  errors i n  de te rmining  
t h e  s c a t t e r i n g  a n g l e  ( e ) .  
The r e s u l t s  ob ta ined  i n  t h i s  experiment  can  be i n t e r p r e t e d  
on t h e  basis of t h e  c lass ical  s c a t t e r i n g  t h e o r y  of Mountain,  (4) 
which fo l lows  c l o s e l y  t h a t  of Landau and Placzek.  ( 5 )  Using a 
hydrodynamical t h e o r y  of f l u c t u a t i o n s ,  Mountain (4 1 
t h a t  t h e  c e n t r a l  component of t h e  l i g h t  s c a t t e r e d  
s ingle-phase f l u i d  h a s  t h e  form a ( k , V ) .  
-4 
has  shown 
from a p u r e  
4 
w h e r e  k i s  t h e  change i n  t h e  p ropaga t ion  vector of t h e  scat- 
t e r e d  l i g h t  r e l a t i v e  t o  t h a t  of t h e  i n c i d e n t  l i g h t ,  v is  t h e  
frequency s h i f t  of t h e  s c a t t e r e d  l i g h t  r e l a t i v e  t o  t h e  f requency  
of t h e  i n c i d e n t  l i g h t ,  c 
a t  c o n s t a n t  p r e s s u r e  and volume r e s p e c t i v e l y ,  A i s  t h e  the rma l  
c o n d u c t i v i t y ,  and po i s  t h e  mean d e n s i t y  of t h e  mater ia l .  
r e a d i l y  seen from Eq. (1) t h a t  t h e  expec ted  spectral  p r o f i l e  i s  
Lorentz ian .  The change i n  t h e  p ropaga t ion  v e c t o r  k i s  g iven  by 
and cv are t h e  s p e c i f i c  h e a t  c a p a c i t i e s  P 
It i s  
3 
w h e r e  h i s  t h e  wavelength of t h e  i n c i d e n t  l i g h t  i n  t h e  medium and 
w h e r e  8 is  t h e  s c a t t e r i n g  ang le .  S u b s t i t u t i o n  of  Eq. (2)  i n t o  
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Fig. 14 The f u l l  spectral half-width vs s i n  2 (8/2). 
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Experimentat ion h a s  shown t h a t  t h e  c o l l e c t i o n  l e n s  can be omi t t ed ,  
r e s u l t i n g  i n  t h e  optical  geometry shown i n  F ig .  15.  
ment shown i n  F ig .  1 5  g i v e s  s a t i s f a c t o r y  r e s u l t s ,  d e f i n e s  t h e  
a n g u l a r  p r e c i s i o n  by t h e  angular  spread of t h e  scattered l i g h t  
l o  
o n t o  t h e  masked beam s p l i t t e r  (6- ) ,  and r e d u c e s  " sho t "  n o i s e  6 
i n  t h e  d e t e c t i n g  p h o t o m u l t i p l i e r  by e l i m i n a t i n g  much l i g h t  which 
does n o t  c o n t r i b u t e  t o  t h e  d e s i r e d  s i g n a l ,  
The a r r ange -  
Proqram f o r  t h e  nex t  i n t e r v a l .  1, The s i g n a l - t o - n o i s e  
r a t i o  i s  known t o  be p r o p o r t i o n a l  t o  t h e  energy  f a l l i n g  on t h e  
s c a t t e r i n g  cel l .  A t  p r e s e n t  only 1 t o  2 mW of  6 3 2 8 i  l i g h t  i n  t h e  
fundamental  laser mode f a l l s  onto t h e  s c a t t e r i n g  cel l .  A S p e c t r a  
Phys ic s ,  Model 125 ,  He-Ne laser h a s  been purchased.  Th i s  stable 
laser has  a power o u t p u t  of  50-70 mW i n  t h e  fundamental  mode. 
The u s e  of t h i s  high-powered l a s e r  should  i n c r e a s e  t h e  s i g n a l -  
t o - n o i s e  r a t i o  by a f a c t o r  of from 2 5  t o  50. 
2. The laser hnmndyne spec t rometer  i s  e s s e n t i a l l y  a Mach- 
Zender i n t e r f e r o m e t e r .  Operating i n  each ' ' leg" of t h i s  i n t e r -  
fe rometer  i s  a Bragg t a n k ( 6 )  modulator,  t h e  purpose of which i s  
t o  s tep up t h e  l i g h t  frequency by a known amount. The "beat" 
f requency  between t h e  t w o  o p t i c a l  ''legs" i s  t h e n  d e t e c t e d .  The 
Bragg t a n k  modula tors  are a t  b e s t  about  30% e f f i c i e n t ,  i.e., 30% 
of t h e  i n c i d e n t  l i g h t  i s  s ingle-s ideband modulated. D i r e c t  e l i m -  
i n a t i o n  of one Bragg t a n k  would d e l i v e r  m o r e  l i g h t  t o  t h e  scat- 
t e r i n g  c e l l  b u t  would also r e s u l t  i n  e l e c t r o n i c  problems of  
rad io- f requency  pickup,  An a t tempt  i s  now be ing  made to:  
(a) make t h e  Bragg t a n k s  m o r e  e f f i c i e n t  l i g h t  modula tors  by 
d r i v i n g  them h a r d e r ,  and (b) t o  s h i e l d  t h e  t a n k s  more sa t i s -  
f a c t o r i l y  so t h a t  one might be e l imina ted .  
\ 
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F i g ,  15  L e n s l e s s  s c a t t e r i n g  geometry. N o t e  
t h a t  t h e r e  i s  no c o l l e c t i n g  l e n s .  
5 6  
* T h i s  r e  e a r c h  w a s  a l s o  supp r t ed  by t h e  Army Research  
O f f i c e  under Con t rac t  DA-31-124-ARO-D-296. 
(1) CRL Q u a r t e r l y  Progress  Repor t ,  June  15, 1963, p. 35. 
(2) CRL Q u a r t e r l y  Progress  Repor t ,  D e c e m b e r  15, 1963, 
(3) H. Z. Cummins, N. Knable, and Y. Yeh, Phys. R e v .  
(4) R. Mountain, R e v .  Mod. Phys. ( t o  be p u b l i s h e d ) .  
(5) L. D. Landau and G. Placzek, Physik Z .  S o v i e t  Union 5, 
(6) H. Z. Cummins and N. Knable, Proc,, IEEE 51, 1246 (1963). 
p. 45. 
Letters 1 2  150 (1964). -' 
172 (1934). 
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b. Laser S t u d i e s  of Molecular B i re f r ingence*  
[l] B i r e f r i n g e n c e  Induced i n  F l u i d s  by an  Inhomogeneous 
Elec t r ic  F i e l d .  
(R. L. Disch,  S. Golub) 
( a )  D i r e c t  Measurement of  t h e  Quadrupole  P o l a r i z a b i l i t y  
of t h e  CC14 Molecule. 
moment i n  an  a t o m  or molecule;  fo r  s p h e r i c a l  or " q u a s i - s p h e r i c a l "  
molecules ,  t h e  induced d i p o l e  moment is  g i v e n  by 
A uniform electric f i e l d  induces  a d i p o l e  
where a i s  t h e  electric p o l a r i z a b i l i t y .  I n  a d d i t i o n ,  t h e  elec- 
L-- L ~ C :  1 f i e l d  ind.clzes a q ~ a d r u p o l e  moment i n  t h e  molecule.  For 
"quas i - sphe r i ca l "  systems t h i s  is p r o p o r t i o n a l  t o  t h e  squa re  of  
t h e  e l e c t r i c - f i e l d  s t r e n g t h :  
1 2  Q = - B F  . 2 
Q ,  t h e  induced quadrupole m o m e n t ,  i s  d e f i n e d  by 
i n  t h e  u s u a l  n o t a t i o n .  
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L i t t l e  i s  known concerning t h e  so -ca l l ed  "quadrupole 
p o l a r i z a b i l i t y "  B. 
drogen atom, ( l t2)  a system f o r  w h i c h  t h e  SchrEdinger equa t ion  
may be solved t o  any d e s i r e d  o rde r  of t h e  e lectr ic  f i e l d .  For 
t h e  ground s t a t e ,  B w a s  found t o  have t h e  v a l u e  -0.487 x 10- 38 
esu .  N o  exac t  t h e o r e t i c a l  v a l u e s  are  known f o r  other systems, 
and t h e r e  e x i s t e d  h e r e t o f o r e  no exper imenta l  v a l u e s  of t h i s  
molecular  p r o p e r t y  . 
It has  been c a l c u l a t e d  e x a c t l y  f o r  t h e  hy- 
The quadrupole  p o l a r i z a b i l i t y  should  be d i r e c t l y  measur- 
able by  observing t h e  b i r e f r i n g e n c e  induced i n  a f l u i d  of  quas i -  
s p h e r i c a l  molecules  by a n  inhomogeneous e lectr ic  f i e l d .  (3 )  How- 
e v e r ,  t h i s  e f f e c t  i s  ext remely  f e e b l e ,  so a subs t ance  known t o  
have a rather h igh  d i p o l e  p o l a r i z a b i l i t y ,  CC14, w a s  chosen f o r  
t h e  i n i t i a l  search. It w a s  s t u d i e d  i n  t h e  l i q u i d  phase a t  room 
temperature .  The p r e l i m i n a r y  v a l u e  of  B o b t a i n e d  i n  t h i s  experi- 
ment i s  
-38 
= -1.26 x 10 esu .  BCC14 
This  v a l u e  of B i s  only  about  2 . 5  t i m e s  t h a t  o f  t h e  hy- 
drogen atom, a r a t i o  c o n s i d e r a b l y  smaller t h a n  t h e  r a t i o  of t h e i r  
d i p o l e  p o l a r i z a b i l i t i e s .  An approximate t h e o r e t i c a l  v a l u e  of B 
for t h e  helium atom can be ob ta ined  by t h e  s c r e e n i n g  approxi -  
mat ion.(4)  The r e s u l t  i s  BHe = -0.0271 x esu.  H e r e ,  by 
c o n t r a s t ,  t h e  r a t i o  BCCl  /B i s  c o n s i d e r a b l y  greater t h a n  t h e  
r a t i o  of t h e  d i p o l e  p o l a r i z a b i l i t i e s .  
4 H e  
Program f o r  t h e  nex t  i n t e r v a l :  Refinement of measurements 
of nonquadrupolar molecules  and s t u d i e s  of t h e  the rma l  dependence 
of t h e  b i r e f r i n g e n c e  induced by a n  inhomogeneous electric f i e l d  
i n  o rde r  t o  ob ta in  better v a l u e s  of b o t h  t h e  permanent molecular  
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quadrupole  moment and t h e  quadrupole p o l a r i z a b i l i t y .  
b i l i t y  of u s i n g  an  even more i n t e n s e  l i g h t  s o u r c e  and h ighe r  
a p p l i e d  f i e l d  g r a d i e n t s  is  being i n v e s t i g a t e d .  
The possi- 
[ 2 ]  A Laser Po la r ime te r  
(R. L. Disch,  J. Matuska,  D. S v e r d l i k )  
Cons t ruc t ion  of t h e  u l t r a - s e n s i t i v e  polarimeter d i s c u s s e d  
i n  t h e  p rev ious  Q u a r t e r l y  Progress  Report  i s  n e a r i n g  complet ion.  
T h i s  w i l l  be used i n  several i n v e s t i g a t i o n s ,  one of which i s  
b r i e f l y  d i s c u s s e d  b e l o w .  
[3] The Aniso t ropy  of Molecular O p t i c a l  A c t i v i t y  
(R. L. Disch,  D. S v e r d l i k )  
A t h e o r e t i c a l  i n v e s t i g a t i o n  has  been m a d e  concern ing  t h e  
p o s s i b i l i t y  of e f f e c t i n g  a drastic improvement i n  s i g n a l - t o -  
n o i s e  r a t i o s  i n  t h e  s t u d y  of the o p t i c a l  a c t i v i t y  of  p a r t i a l l y  
o r i e n t e d  systems. The on ly  p rev ious  attempt a t  such measure- 
n,ei-lts i that of t n 2 - - - -  J. .LlIUc;U. (5,6) Ar; iziprovement .:..hich cal? i,n.crezre 
s igna l - to -no i se  r a t io s  by a factor of 100 a t  t h e  expense of 
greater expe r imen ta l  complexi ty  h a s  been tho rough ly  s t u d i e d ,  and 
it is  concluded t h a t  an a t t empt  t o  a t t a i n  t h i s  improvement i s  
~ ~ r t ! ~ . ~ ~ h i l e ,  Details of this method w i l l  be g i v e n  i n  a l a t e r  
report  . 
O f f i c e  under C o n t r a c t  DA-31-124-ARO-D-305. 
*This r e s e a r c h  w a s  a l so  suppor ted  by  t h e  Army Research 
(I) Buckingham, Coulson, and L e w i s ,  Proc.  Phys. SOC. 
( 2 )  Coulson and Stephen, Proc. Phys. SOC. (London) E, 
( 3 )  Buckingham, J. Chem. Phys. 30, 1580 (1959).  
(4) Disch,  e t  a l . ,  t o  be p u b l i s c d .  
(5) Tinoco and H a m m e r l e ,  J. Am. Chem. SOC. 60, 1619 (1956).  
(6)  Tinoco, J. Am. Chem. SOC. 81, 1540 (1959) .  
(London) E, 639 (1956). 
777 (1956) .  
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Fig.  16 Echo dependence on angu la r  d i r e c t i o n  of magnet ic  f i e l d  
Each set  of d a t a  i s  s e p a r a t e l y  normal ized ,  
w i t h  r e s p e c t  t o  o p t i c  a x i s  of sample for  d i f f e r e n t  v a l -  
ues of T ~ .  
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2 .  Ruby Laser: Photon-Echo Resonance* 
( I .  D. A b e l l a ,  S. R.  Hartmann, N. A. K u r n i t )  
Measurements of t h e  photon echo i n t e n s i t y ,  as  a f u n c t i o n  
of t h e  a n g l e ,  x, between t h e  optic axis  of t h e  ruby  sample and 
t h e  magnet ic  f i e l d ,  w e r e  r e p e a t e d  af ter  it w a s  found t h a t  t h e  
p h o t o m u l t i p l i e r  used as a d e t e c t o r  w a s  s a t u r a t i n g  a t  t h e  h i g h e r  
s i g n a l  i n t e n s i t i e s .  
changed i n  broad o u t l i n e ,  b u t  are n o t  correct i n  s p e c i f i c  detai ls .  
The f u n c t i o n a l  dependence of t h e  echo i n t e n s i t y  on magnet ic  f i e l d  
a n g l e  appea r s  closer t o  exponen t i a l  t h a n  Gauss ian ,  as  i n d i c a t e d  
i n  F ig .  16,  excep t  a t  a n g l e s  so s m a l l  bha t  o p t i c - a x i s  wandering 
and correct al ignment  may become c r i t i c a l .  
Ax1/27s2 = c o n s t a n t ,  found p r e v i o u s l y  does n o t  s e e m  t o  h o l d  t r u e ,  
b u t  t h e r e  is, as y e t ,  i n s u f f i c i e n t  d a t a  t o  o b t a i n  a m o r e  a c c u r a t e  
expres s ion .  
R e s u l t s  r e p o r t e d  previously' ' )  remain un- 
The r e l a t i o n s h i p ,  
Proqram f o r  t h e  n e x t  i n t e r v a l :  F u r t h e r  measurements of 
t h e  t empera tu re  and magnet ic  f i e i d  dependence of thz photzx echo 
w i l l  be made a f t e r  a system for e l e c t r o n i c  p r o c e s s i n g  of t h e  data 
i s  completed, 
O f f i c e  under C o n t r a c t s  DA-31-124-ARO-D-224 and DA-31-124-ARO-D- 
341. 
*This r e s e a r c h  w a s  a lso suppor ted  by t h e  Army Research 
(1) CRL Q u a r t e r l y  Progress Report, March 15 ,  1965, p ,  52, 
B. RUBIDIUM MASER* 
(P. Davidov i t s ,  W. Happer, E. B. Saloman, W. A, S t e r n )  
P u b l i c a t i o n s  are be ing  prepared  t o  cover  t h e  r e s e a r c h  
t h a t  h a s  been done i n  t h i s  f ie ld .  
s o n n e l ,  work on t h i s  project  has t e m p o r a r i l y  been h a l t e d ,  Fur- 
t h e r  work w i l l  be undertaken w i t h  t h e  i n i t i a l  goal of obse rv ing  
Because of a change i n  per- 
6 1  
modulation of t h e  pumping l i g h t  a t  t h e  m i c r o w a v e  f requency of 
t h e  maser t r a n s i t i o n .  There i s  some q u e s t i o n  as t o  how t h e  modu- 
l a t i o n  of t h e  l i g h t  a c t u a l l y  depends on t h e  spectral  p r o f i l e  of 
t h e  pumping lamp. Th i s  modulation e f f e c t  cou ld  p rov ide  a con- 
v e n i e n t  way of keeping  t h e  m a s e r  c a v i t y  tuned.  Thus, t h i s  e f f e c t  
is of i n t e r e s t  bo th  i n  de te rmining  fundamental  p h y s i c a l  properties 
and i n  improving t h e  o p e r a t i o n  of  t h e  rubidium maser. 
Research under C o n t r a c t  Nonr-4259(10) . 
* T h i s  r e s e a r c h  w a s  a l so  suppor ted  by t h e  O f f i c e  of Naval 
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V I  RADIOASTRONOMY 
A, MODELS OF PLANETARY ATMOSPHERES* 
(W. H o ,  I. Kaufman, P. Thaddeust) 
The microwave c a v i t y  spectrometer h a s  been modi f ied  t o  
p e r m i t  measurement of  microwave a b s o r p t i o n  i n  g a s  m i x t u r e s  con- 
t a i n i n g  w a t e r  vapor. 
t o  p r e v e n t  condensa t ion  of water  vapor i n  t h e  g a s - f i l l e d  p a r t s  
of t h e  system d u r i n g  t h e  p e r i o d  of a series of measurements. 
Comparison among t h e  v a r i o u s  methods of measuring t h e  d e n s i t y  of 
w a t e r  vapor i n  t h e  c a v i t y  has  shown t h a t  d e t e r m i n a t i o n  of  t h e  
s h i f t  i n  r e s o n a n t  f requency when t h e  w a t e r  vapor i s  admi t t ed  i s  
more a c c u r a t e  t h a n  measurement of e i t he r  t h e  t empera tu re  of t h e  
l i q u i d  w a t e r  r e s e r v o i r  i n  c o n t a c t  w i t h  t h e  vapor i n  t h e  c a v i t y  
or t h e  change i n  c a v i t y  l e n g t h  r e q u i r e d  t o  keep t h e  r e s o n a n t  
f requency  c o n s t a n t  . 
The major m o d i f i c a t i o n s  have been des igned  
P r e l i m i n a r y  measurements have been made a t  9260 Mc/sec 
and 1 2 O O C  on m i x t u r e s  of w a t e r  vapor a t  100,  300, 500, and 7 0 0  mm 
of mercury p a r t i a l  p r e s s u r e  and n i t r o g e n  a t  a t o t a l  p r e s s u r e  o f  
120 atmospheres.  The abso rp t ion  i s  large enough t o  be observed 
w i t h  t h e  p r e s e n t  appa ra tus .  
A microwave c a v i t y  has  been c o n s t r u c t e d  w h i c h  w i l l  enable 
measurements t o  be made of microwave a b s o r p t i o n  a t  g a s  p r e s s u r e s  
as h igh  as  500 a t m .  Th i s  c a v i t y  i s  a c y l i n d e r  1/4 i n c h  i n  diam- 
1 In- eter and 2 0  i n c h e s  long ,  which p a s s e s  through a series of TE 
mode r e sonances  a t  35,000 Mc/sec a s  t h e  gqs  p r e s s u r e  i s  v a r i e d  
from z e r o  up t o  t h e  maximum. 
6 3  
The c a v i t y  and a s s o c i a t e d  hardware t o  compress t h e  g a s  
and f i l l  t h e  c a v i t y  have been c o n s t r u c t e d ,  assembled, and pres- 
s u r e  t e s t e d .  Resonances have been observed and i d e n t i f i e d ,  and 
t h e  t echn iques  and equipment needed t o  measure t h e  c a v i t y  Q are 
c u r r e n t l y  be ing  developed. 
Proqram f o r  t h e  nex t  i n t e r v a l :  A n a l y s i s  of t h e  measure- 
ments of nonresonant a b s o r p t i o n  by m i x t u r e s  of  carbon d i o x i d e  
and n i t r o g e n ,  and carbon d i o x i d e  and argon,  and t h e i r  applica- 
t i o n  t o  t h e  s t u d y  of t h e  atmosphere of Venus w i l l  con t inue .  
n a u t i c s  and Space Admin i s t r a t ion  under Grant  NsG-442. 
* T h i s  r e s e a r c h  w a s  a l so  suppor ted  by t h e  N a t i o n a l  A e r o -  
?NASA I n s t i t u t e  f o r  Space S t u d i e s ,  
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V I I .  X-RAY ASTRONOMY 
A . POLARIZATION MEASUREMENTS 
(R .  c. Isler, A. Lur io ,  R .  Novick, F.  Kantor ,  and T. Wing) 
D i f f i c u l t i e s  associated w i t h  u s i n g  l i q u i d  hydrogen as a 
scatterer of cosmic x r a y s  have l e d  t o  i n v e s t i g a t i o n  of u s i n g  a 
l i t h i u m  o r  l i th ium-hydr ide  scatterer t o  m a k e  a p o l a r i z a t i o n  
measurement. Due t o  t h e  h ighe r  a b s o r p t i o n  i n  t h e s e  materials 
of s o f t  x r a y s ,  t h e  p o l a r i z a t i o n  measurement would be made i n  
t h e  15-50 keV r e g i o n .  A t  l e a s t  one s o u r c e ,  t h e  C r a b  n e b u l a ,  has  
a s i g n i f i c a n t  f l u x  i n  t h i s  range. (1) 
T h e  d e s i g n  be ing  cons idered  c o n s i s t s  of a l t e r n a t e  r o w s  of  
l i t h i u m  scatterer and p r o p o r t i o n a l  c o u n t e r s  ex tending  t h e  5 - f t  
l e n g t h  of t h e  r o c k e t  a p p a r a t u s  compartment. The rows of l i t h i u m  
w i l l  be d i v i d e d  i n t o  segments by e q u a l l y  spaced t h i n  s h e e t s  of 
steel  p l a c e d  p e r p e n d i c u l a r  t o  t h e  l e n g t h  of  each r o w ,  which w i l l  
be opaque t o  t h e  x r a y s .  The measurement w i l l  be made w i t h  t h e  
rocket sp inn ing  i n  a p l a n e  pe rpend icu la r  t o  t h e  f l u x ,  keeping 
t h e  s a m e  side of t h e  r o c k e t  po in t ed  t o w a r d  t h e  source .  
Computations have been made of t h e  appa ren t  p o l a r i z a t i o n  
of a comple te ly  p o l a r i z e d  source and of t h e  e f f i c i e n c y  of a 
r e c t a n g u l a r  b lock  a s  a s c a t t e r e r .  The computat ions have been 
checked by measurements, 
The appa ren t  p o l a r i z a t i o n  of a comple te ly  p o l a r i z e d  source  
i s  d e f i n e d  as :  P, - p, I L P =  m P + P  ' 1 2 
where P i s  t h e  coun t ing  r a t e  wi th  t h e  r o w s  of  l i t h i u m  p a r a l l e l  
t o  t h e  p o l a r i z a t i o n  v e c t o r ,  and P2 i s  t h e  coun t ing  r a t e  w i t h  t h e  
1 
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r o w s  pe rpend icu la r  t o  t h e  p o l a r i z a t i o n  v e c t o r .  
be determined t o  a f irst  approximation on ly  by t h e  shape of t h e  
f a c e  of t h e  l i t h i u m  block  on which t h e  f l u x  i s  i n c i d e n t .  Plac- 
i n g  t h e  s h e e t s  of s teel  c l o s e r  t o g e t h e r  w i l l  r e s u l t  i n  a l a r g e r  
b u t  w i l l  reduce t h e  e f f i c i e n c y .  For a squa re  shape,  t h e  'm 
c a l c u l a t e d  P The l a c k  
of agreement is b e l i e v e d  t o  be due t o  t h e  c o l l i m a t i o n  r e s u l t i n g  
from t h e  lead s h i e l d  i n  f r o n t  of t h e  s c i n t i l l a t i o n  d e t e c t o r .  
Pm i s  found t o  
i s  24%, and t h e  measured Pm i s  2 9  f 2%. m 
The e f f i c i e n c y  i s  d e f i n e d  a s  t h e  f l u x  e n t e r i n g  t h e  pro- 
p o r t i o n a l  c o u n t e r s  d i v i d e d  by t h e  i n c i d e n t  f l u x .  Th i s  has  been 
found t o  be, t o  a f i r s t  approximation,  
ac 'ab + '13a - 
~ = & [ l - e  a Ir1 + kaba 1 + s a a l  
Lengths are measured i n  s c a t t e r i n g  l e n g t h s .  
t i o n  of  t h e  i n c i d e n t  f l u x .  
c = t h e  l e n g t h  of  t h e  block measured i n  t h e  d i r e c -  
a = t h e  l e n g t h  of t h e  s ide of t h e  b lock  th rough  
w h i c h  t h e  s c a t t e r e d  f l u x  e n t e r s  t h e  c o u n t e r s .  
b = t h e  l e n g t h  of t h e  b lock  a long  which t h e r e  i s  
a s tee l  s h e e t .  
a = t o t a l  cross s e c t i o n / s c a t t e r i n g  cross s e c t i o n  
and k i a  are wavelength- independent  q u a n t i t i e s  
f o r  a b s o r p t i o n  and s c a t t e r i n g  . 
'ab' ';a' kab' 
which have been c a l c u l a t e d  f o r  a number of v a l u e s  of t h e  param- 
eters. Measurements w e r e  made w i t h  t h e  K l i n e  of molybdenum on 
a 5-3/8 x 2-1/2 x 2-1/2 i n c h  l i t h i u m  b lock .  The c a l c u l a t e d  
e f f i c i e n c y  i s  16.1%, and t h e  measured e f f i c i e n c y  w a s  13.5 f 2%. 
T h e  d i f f e r e n c e  i s  b e l i e v e d  t o  be due t o  a l a y e r . o f  ox ide  which 
formed on t h e  l i t h i u m .  
P 
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Measurements by C l a r k  i n d i c a t e  t h a t  we  may e x p e c t  a 
f l u x  of 1 /2  photons/cm’/sec from t h e  C r a b  nebu la  i n  t h e  15-50 keV 
range .  With 300 seconds of observing t i m e ,  we c a l c u l a t e  t h a t  a 
p o l a r i z a t i o n  measurement of a f e w  p e r c e n t  may be possible. The 
largest  unknown f a c t o r  i s  t h e  number of background c o u n t s  t h a t  
w i l l  be r eco rded ,  and t h e  e x t e n t  t o  which t h e s e  can be rejected 
by p u l s e  h e i g h t  d i s c r i m i n a t i o n  and r e j e c t i o n  e v e n t s  which t r i g g e r  
more t h a n  one coun te r .  B e t t e r  estimates of t h e  background ra te  
can be made a f t e r  measurements have been made on a p r o t o t y p e  
coun te r .  
Proqram f o r  t h e  nex t  i n t e r v a l :  A p r o t o t y p e  detector w i l l  
be made of t h e  above des ign .  
(1) E. W. Clark,  Phys, Rev. Letters 14, 9 1  (1965).  
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